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METHODS AND COMPOSmONS FOR MICROENCAPSULATION OF ANTIGENS 

FOR USE AS VACCINES 
BACKGROUND OF THR TNVENTION 
FIELD OF TH E INVRNTFON^ 

This inventiOT relates to the nuCToemapsulation of antigens fbr ^^^^ 
or prophylactic vaccines. 

DESCRFnONOFBACKGRnTT NDANDRBf ATRn apt 

Traditional immunizatbn protocols typicaUy require nmltipte 
patient to the antigen. usuaUy by injections of a vaccine fommlation at intervals of weeks 
or months. There is a need in the ait to deliver the antigen of interest to the patient in a 
formulation which releases the antigen in bursts spaced d^s to months apart so as to 
reduce die need for multiple injections. The initial burst of antigen can be augmented by 
the addition of soluble antigen to the vaccine formulation. The efficacy of such vaccines 
can be improved fimher by tiie addition of an adjuvant, in soluble and/or 
mkroencapsulated form. 

Recombinant subunit vaccines have been produced for a variety of viruses, 
including herpes, malaria, hepatitis, foot and moudi disease, and HIV. Currentiy, gpl20 
is considered to be a good candidate for an HIV subunit vaccine, because: (i) gpl20 is 
known to possess the CD4 binding domain by which HIV attaches to its target ceUs, (ii) 

mv infectivity can be neutralized in vitro by antiT)odies to gp 120. (in) the majority 
in vitro neutralizing activity present in the serum of HIV infected individuals can be 
removed with a gpl20 afBmty column, and (iv) the gpl2(ygp41 complex appears to be 
essential for the transmission ofHIV by cell-to<«ll fusion. Recombinant subunit 
vaccines are described in Herman et al., PCr/US9iy02250 (published as number 
W091/15238 on 17 October 1991). See also, e.g., Hu et al. Hajuie 328:721-724, 1987 
(vaccinia virus-HIV env recombinant vaccine); Artiiur et al. J. Virol. 63(12): 5046^5053, 
1989) (purified gpl20); and Berman et al. Eroc.Natl. Arart Sn U^A 85:5200-5204. ' 
1988 (recombinant envelope glycoprotein gpl20). There have been suggestions in diJ 
literature of making a vaccine which is a combination of various HIV isolates or isolate 
subunits. See e.g. Berman et al.. PCr/US91/02250 (published as number W091/15238 
on 17 October 1991) and Rusche et al.. PCT/US89/D4302 (published as number 
WO90AI3984 on 19 April 1990). 

Different antigens can be combined in tiie formulation, eitfier witWn the same 
microspheres or as a mixture of microspheres, to provide a multivalent or multitarget 
vaccine. Fuitheimore, as microspheres can be designed to release a second burst of 
antigen and/or adjuvant ("autoboost") when desired, a single vaccine preparation can be 
designed so as to mix populations of microspheres which release tijeir bursts of antigens 
and/or adjuvants at multiple prescribed intervals when such multq)le challenges with 
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antigen and/or adjuvant are desired. 

Preferred adjuvants for use in the compositions and methods of the Instant 
inventionincludesaponinsandtheirderivatives. For example. U.S. Patent No 
5,057.540 discloses the uses of QuiUaja saponins, a mixture of striterpene glycosides 
•alracted fiom the bark of tb^ tree Quillaja sapomria, as immune adjuvants.. Saponins 
can be isolated from other plants, such as soybeans (U.S. Patent No. 4,524,067). White 
et al. qpmmnolppy Pn>trin^ and Pepfidr VI. ed M. Z. Atassi, Plenum Press NY 
1991) disclose the use of QS21 as an adjuvant for a T-indq«ndent antigen. Wu et al 'a 
toamaol. 148:1519-1525. 1992) disclose theuse of QS21 as an adjuvant for the mv-l 
envelope protein gpl60 in mice. Newman et aL (AIDS R«»^«.h 

EsttQjdniSSS 8:1413-1418. 1992) disclose the use of QS21 as an adjuvant for the HIV-1 
envelop protein gpl60 in rhesus macaques. Kensil et al. fJ.Am Vef ^ ^^^ 
199:1423-1427, 1991) disclose the use of QS21 as an adjuvant for the feline leukeoria 
virus subgroup A gp70 protein. 

Polymer matrices for forming microspheres are also described in the Kteratuie. 
For example, Chang etal.(BioenBineering 1:25-32, 1976) disclose semipermeable 
microspheres containing enzymes, honnones, vaccines, and other biologicals U S 

Patent No. 5,075,109 discloses a method of potentiating an immune response by 
admmistaingamixture of at least two populations of microsphe«» containing 
agents such that one of the mioospheie populations is sized between about 1 to 10 mm. 
U.S. Patent No. 4.293,539 discloses a controlled release formulation of an active 
ingredient in a copolymer derived ftom about 60 to 95 weight percent lactic add and 
about 40 to about 4 weight percent glycolic acid. U.S. Patent No. 4,919,929 discloses 
the administration of an antigenic substance in a shaped structure of a biocompatible 
matrix mat«ial. U.S. Patent No. 4,767,628 discloses composition comprising an active 
acKl stable polypeptide and a polylactide. which when placed in an aqueous physiological 
cnvmjmnent release the polypeptide at an approximately constant rate in an essentially 
monophasic manner. U.S. Patent No. 4.962.091 discloses a microsuspension of water 
solublemacromolecularpolypeptidesinapolylactidemalrix. U.S.PatentNos 
4.849.228 and 4,728,721 disclose a biodegradable, high molecular weight polymer 

characterized in that tiie content of water-soluble lowmolecularwdght compounds as 
calculated on the assumption fliat such compounds are monobasic adds, is less flia^ 0 01 
mole per 100 grams of high molecular weight polymer. U.S. Patent Nos. 4.902.515 
and 4,719.246 disclose polylactide compositions containing segments of pofy(R-lactide) 
mterlockcd witii segments of poly(S-lactide). U.S. Patent No. 4,990336 discloses a 
multiphasic sustained release system comprising allergen extract encapsulated in 
microspheres of bioerodible encapsulating polymer which permits a sustained 
muWphasicreleaseoftiiealleigen. Hiis system inchides a first portion of all«gen extract 
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that upon injection is capable of being released in a maimer wbneby initial alleigenicity is 
minimized to producing a mUd local reaction similar to tbat normally observed with low 
doses of conventional allergen administration, and secondary portions of aUergcn extract 
that provide a substantially higher level of allergen extract in doses that could provide a 
serious reaction in the patient, but for the release of the first portion *f allerg^ fextract 
U.S. Patent No. 4,897.268 discloses a microcapsule delivery system wherein the 
ingredients are encapsulated in biodegradable copolymer excipients of varying mole 
ratios, such that delivery of the ingredients occurs at a constant rate over a prolonged 
poiodoftime. 

Various water-in-oil emulsions are described in the literature. Thus, forexample, 
U S. Patent Nos. 4.917,893 and 4.652,441 disclose a microcapsule produced by 
preparing a water-in-oil emulsion comprising an inner aqueous layer containing a water- 
soluble drug, a drug-retaining substance, and an oil layer containing a pdymer 
substance; the inner or aqueous layer is thickened or soUdified to a viscosity of not loww 
than about 5000 centipoises. The resulting emulsion is subijected to in-water drying. 
U.S. Patent No. 4,954,298 discloses the production of microcapsules by preparing a 
water-in-oU emulsion composed of a water-soluble drug-containing solution as the imier 
aqueous phase and a polymer-containing solution as the oil phase, dispersing Oie 
emulsion in an aqueous phase and subjecting the resulting water-in-oil-in-water emulsion 

20 to an in-water drying, wherein die viscosity of flie water-in-oil emulsion used in 

preparing die water-in-oil-in-water emulsion is adjusted to about 150 to about 10,000 
cratipoises. 

Accordingly, it is an object of the invention to provide a microencapsulated 
vaccine formulation, which can include one or more adjuvants. 
25 It is anotiier object of the invention to provide a vacdne for tiie prophylaxis 

and/OT treatmmt of HIV infection. 

It is a fiirtiicr object of tiie invention to provide a metiiod for producing 
microspheres. 

These and other objects win become apparent to tiiose of ordinary skill in Uie art 
30 SUMMARY OF THR TNVl 
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Accordingly, flie instant invention provides for tiie delivay of an antigen or 
antigens to a host in a microsphere format The antigen or antigens can be delivered 
concomitantiy witii an adjuvant packaged witiiin tiie same miowphere or in some otiier 
delivery format; alternatively, an adjuvant can be provided before or after tie antigen- 
containing microspheres, or be packaged independentiy in microspheres. The 
microspheres of tiie instant invention release tiie antigen and/or adjuvant in tiuee phases: 
an initial burst, a slow release, and a second burst Preferred adjuvants for use in tiie 
compositions and mefliods of flie instant invention include saponins and tiieir derivatives 
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glywhde) (PU5A) imciospheres encapsulating an antigen, wherein 

theiadoof lactidetoglycoUdeisfromabout 100:1 to 1:100 weight percent- 

»J»^i°he,entviscosityofPI^Apolyn^usedinthemicrosph«^ 
1.2dL/g; , ,kx, 

the median diameter of the microspheres is ihmi about 20 to 1 00 

OSto.^'^^'""'^^*^"'"^ 
0.5 to 95% of the antigen « released in an initial b^ 

pmod of about 1 to ISOdays. and the ronaining antigen is released!^ 
after about 1 to 180 days. 

Another aspect of the invention is a composhion for use as a vacdne comprising 

antigen encapsulated in PLGA microspheres, and soluble antigen. 

^ ^^^^'^P^^tofthemventionisaconqxydtionforuseasavacdnecom^ 

about one to 1 00 antigens encapsulated in a mixture of about two to 50 PLGA 
microsphere populations, wherein 

the ratio of lactide to glycolide is from about 100:1 to 1:100 weight percent; 

««^i°»«»«ntviscosity of PLGApolymers used in the microsphere,^ to 

the median diameter of the microspheres is from about 20 to 1 00 mm- arid 

0.5 to 95 % of the antigen is released in an mitial burst, about 0 to 50% is released over a 
penod ofaboutl to 180 days, and the remaining antigen is r^eased in a second burst in 
one miaos^ere population after about 1 to 30 days, in a second microsphere population 

^^about 30 to 90days,andin additional microspherepop^ 
days. 

Another aspect of the invention is a metiiod for encq»ulating antigen m 
microspheres, comprising • 

(a) dissolving PLGA polymer in an organic solvent to produce a solution- 

(b) addmg antigen to tiie solution of (a) to produce a PLGA-antigen mixtoiro 
WMnprising a first emulsion; 

(c) adding Uie mixture of step (b) to an emulsification bath to produce 
microspheres comprising a second emulsion; and 

(d) hardening tiie microspheres of step (b) toproduce hardened microspheres 
conqinsing encapsulated antigen. 

BRIEF PRSCRTPnON OF PR AWTKrn<; 

Figure l isadiagramdepictingthebulkerosionprocessforPUJAmicrospher^ 
PU5ArmcrospheresaretypicaUyhydratedprior.oadministration. Water hydrolyzes the 
ester hnkages m the PU5A backbone as shown m die inset diagram resulting i^ 
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erosion of the polymer over time. The rate of hydrolysis depends upon the water content 
of the microspheres, the solvent environment (e.g., pH), and the temperature. The 

number of scissions in the polymer bacWxme required to cause fragmentation bf the 
micro^heres is dependent on the polymer molecular weight. 

5 I'isurc 2 is a diagram depicting in vivo degradation rate for ^A ppfel^ 

modified fiomMillcr et al. (J. Biomed Maw 11:711-719, 1977). The X^s 

represents the relative ratio of dtborlactide CM' glycoUde for each PLGA. The slowest 
d^radation rates for a givai polymer molecular wdgitf occur for the polylactic add 
(PLA) and polyglycolic add (PGA) systems. The fastest degradation rate was achieved 

1 0 with PLGA containing an equal molar ratio of lactide and glycolide. The in vivo half- 
time to con^Iete degradation was measured by histology studies in rats. 

Rgurc 3 is a diagram depicting the miCTosphwe production process using a 
double emulsion method. PLGA polymers at different molecular weights were added to 
methylene chloride and aUowed to dissolve. A solution of MN rgpl20 was then injected 

15 into the methylene chloride while homogenizing. The homogenized solution was added 
to a polyvinyl alcohol (PVA) solution. The PVA solution was saturated with methylene 
chloride (1.5% v/v) for some experiments. The PVA and polymer solutions woe mixed 
in a one-Kterfennenter to form the final water-in-oil-in-water emulsion. The resulting 
microspheres were then transfored to the hardening bath which contained an excess of 

20 water to extract the remaining methylene chloride. The haidened microspheres were then 
washed and dried by lyophilization or low temperature (5" Q nitrogen (fluidized bed) or 
vacuum drying to produce the final microspheres for in vivo and in vitro analysis. Tlie 
items listed in italics are the variables for each process step. 

Figure 4 is a diagram depicting an air lift (fluidized bed) drying system for 

25 nitrogen drying of PLGA microspheres, (a) Slurry from a diafiltration unit is pumped 
into the chamber with the upper piston (b) above the inlet The upper piston is then 
moved down and the excess liquid is pressurized but by applying nitrogen through the 
upper inlet (c). The airflow is then redirected to suspend the microspheres by pmging 

with nitrogen through the lower inlet (d) and releasing the nitrogen through the upper 
30 inlet (c). After complete drying (1 to 2 days), the dry powder is removed by placing a 
coUection vessd (side arm flask, not shown) on the outlet, moving the upper piston (b) 
above the outlet, and applying nitrogen pressure at the lower inlet (d) while pulling a 
vacuum on the coUection vessel. Alternatively, the drier can be designed with bodi 
pistons wdded in place and the upper piston located above the inlet for the slurry. After 
35 pumping in the slurry, the slurry outlet side arm is then sealed by a valve during drying. 

Figure 5 is a scanning dectrrai microgr^h of microsi*eres prepared with 12 kDa 
(50:50 lactide:glycoKde) PLGA from Boehringer Ingelhdm (BI) at room temperature 
with access metbylrae diloride in the second emulsion. The final drying step was 

-5- 
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lyophilization. The microspheres had a protein loading of 1% wAv (8% effidency) and 
an initial burst of greater than 50% of enc^sulated material. 

RguiB 6 is a scanning electron micrograph of microspheres prepared with 12 kDa 
(50:501actide:glycolide)PLGAMdthpreferTedprocessconditi^^^ These microspheres 
were piqxtred at low tempenmne ((fQ without excess meUiylene cWoride Uie second 
emuhdon. The final drying step was lyophilization. The microspheres had a protein 
loading of 3% w/w (58% efficiency) and an initial burst of greaterthan 50% of 
encqjsulated material. 

Figure 7 is a scanning electron micrograph of microspheres prepared with a 50:50 
mass ratio of low (12 kDa) and high (100 kDa) molecular weight PLGA (50:50 
lactiderglycoHde) from BI with preferred process conditions. These microspheres were 
prepared at low tcnqwraturc (O'^Q without excess methylene chloride in the second 
emulsion. The final drying step was lyophilization. The microspheres had a protein 
loading of 1.8% w/w (100% efficiency) and an initial burst of 15% of encapsulated 
Toateml. 

Figure 8 is a graph depicting the in vitro release of MN rgpl20 from PLGA 
microspheres. The microspheres were prepared by using a 50:50 mass ratio of low (18 
kDa) and high (100 kDa) molecular weight PLGA (50:50 lactide:glycolide) supplied by 
Medisorb Technologies International, L.P. (MTI). The microspheres had a protein 
loading of 4.4% (w/w) and the final drying step was lyophilization. 

Figure 9(a) is a graph depicting far ultraviolet circular dichroism of MN igpm 
released from PLGA microspheres after incubation for 1 hour at 37» C in release 
medium. The controls are untreated protein m the same medium incubated with (~) or 
without (— ) placebo PLGA microspheres. Microsphere preparations made with 12 kDa 
(50:50 lactide:glycoHde) PLGA from BI (...) and a 50:50 mass ratio of 1 2 kDa and 100 
kDa PLGA (75:25 lactidc-glycolide) from BI (-..-) were analyzed. TTiese results 

indicate that the MNiigpl20 released from the microsphere is not altered in its ^ 
structure. 

Figure 9(b) is a graph depicting near ultiavtolet circular dichroism of MN rgpl20 
released from PLGA microspheres after incubation for 1 hour at 37»C in release medium 
The controls are untreated protein in the same medium mcubated with (-) or without (— ) 
placebo PLGA microspheres. Microsphere preparations made with 12 kDa (50:50) 
PLGA from BI ( . ) and a 50:50 mass ratio of 12 kDa and 100 kDa PLGA (75:25 

lactide:glycolide) from BI ( ) were analyzed. These data demonstrate that MN 

rgpl20 released from the microspheres is not altered in its tertiary structure. 

Hgurc 10 is a graph depicting the dose-response of in vivo autoboost fix)m 
PLGA fonnulations as measured by the antibody titer to MN rgpl20. Guinea pigs were 
dosed with varying amounts of a MN igpl20.PLGA formulation (12 kDa (75:25 
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lactiderglycolide) PLGA, 2.4% (w/w) MN rgpl20). TTie total antigen dose deHvered 
fiom the PLGA fonnulations was 14 (•), 42 (■), or 1 12 (♦) ^ig MN rgpl20. A control 
group with a 30 ng MN igpl20 fbnnulated with 60 jig of ahm (Rehydragel™) was also 
induded(O). AU animals were given a single injection at the Owedc time point and 
antftwdytiteis were measured over time. TTie 14 week time point fo^ the aluD| (»ntrol is 
an estimated titer since this groiq> was boosted at 8 weeks. The antibody titers of 
alum/gpl20 immunizgd animals always deoreased 4-5 wedcs afte the initial 
immunization. 

Figure 1 1 is a graph depicting the dose-response of in vivo autoboost from 
PLGA fonnulations as measured by the antibody tit» to the V3 loop of MN rgpl20. 
Guinea pigs were dosed with varying amounts of a gpl20-PLGA formulation (12 kDa 
(75:25 lactiderglycoUde) PLGA, 2.4% (w/w) MN rgpl20). The total antigen dose 
delivered from the PLGA formulations was 14 (•), 42 (■), or 112 (♦) jig MN rgpl20. 
A control group wifli a 30 ng MN rgpl20 formulated with 60 jig of alum (RehydragelTM) 
was also included ( O). AH animals were given a single injection at the 0 vw»k time point 
and antibody titers were measured ovor time. The 14 week tune point for the alum 
control is an estanated titer since this group was boosted at 8 weeks. The antibody titers 
of alum/gpl20 hnmunized animals alw^s deaeased 4-5 weeks after the initial 
immunization. 

Figure 12 is a grq)h depicting the effect of microencapsulation on the 
immunogenicity of MN rgpl20 and QS21 as measured by antibody titers to MN rgpl20. 
Guinea pigs were immunized at week 0 with MN rgpl20 in different formulations: 15 ng 
of enci^wulated and 15 ]ig of soluble MN rgpl20 (O), 30 \ig MN rgpl20 with 60 \ig 
alum (control, A), 30 \ig of encapsulated MN rgpl20 (•), 30 jig of encapsulated MN 
rgpl20 and 50 ug of soluble QS21 (PO, and 25 pg of encapsulated MN rgpl20 and 19 
Mg of encapsulated QS21 m die same microspheres (■). The MN rgpl 20 encapsulated 
formulation was jnoduced with a 50*^0 mass ratio blmd of 12 kDa (75:25 
lactide:glycolide) and 100 kDa (75:25 lactide:^colide) PLGA from Boehringer 
Ingelhdm (BI)(5.0% w/w MN rgpl20). The MN rgpl20/QS21 encapsulated formulation 
consisted of both MN rgpl20 and QS21 in die same microspheres which were made with 
a 50 J0 mass ratio blend of 12 kDa (75:25 lactide:glycolide) and 100 kDa (75:25 
lactide:glycoUde) PLGA from BI (2.5% w/w MN rgpl20, 1.9% w/w QS21). 

Figure 13 is a graph depicting the ^ect of microencapsulation on the 
immunogenidty of MN rigpl20 and QS21 as measured by antibody titers to die V3 loop 
of MN rgpl20. Guinea pigs were immunized at week 0 with MN rgpl20 in different 
formulations: 15 jig of encapsulated and 15 Hg of soluble MN rgpl20 (O), 30 ]ig MN 
rgpl20 witii 60 (ig alum (control, A), 30 \ig of encapsulated MN rgpl20 (•), 30 ^ig of 
encapsulated MN rgpl20 and 50 pg of soluble QS21 (□). and 25 [ig of encapsulated 
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MN rgpl20 and 19 jig of encapsulated QS21 in the same microspheres (■). The MN 
iipl20 encapsulated formulation was produced with a 50:50 mass ratio blend of 12 kDa 
(75:25 Iactide:glycoIide) and 100 kDa (75:25 lactide:glycolide) PLGA ftom BI (5.0% 
w/w MN igpl20). The MN rgpl20«3S21 encapsulated fonnulation consisted of both 
MN i|pl20 and QS21 in the same microspheies which weie made ^^th a 50:§0.mass 
ratio blend of 12 kDa (75:25 iactlde:glycoHde) and 100 kDa (75:25 lartiderg^^de) 
PLGA from BI (2.5% wfw MN i:gpl20, 1.9% w/w QS21). 

A. DEFINrnQNS 

The terms "polylactide" and "PLGA" as used herein arc used interchangeably and 
are intended to refer to a polymer of lactic add alone, a polymer of glycolic acid alone, a 
mixture of such polymers, a copolymer of glycolic acid and lactic acid, a mixture of siich 
copolymers, or a mixture of such polymers and copolymers. A preferred polymer matrix 

fiw formation of the microspheres of the instant invention is poly (I>L-lactide-co- 
15 ^ycolide). 

The term "antigen*' as used herein denotes a compound containing one or more 
eiMtopes against which an immune response is deshed. Typical antigens wUl inchide 
nucleic adds, protems, polypq)tides, peptides, polysaccharides, and hapten conjugates. 
Complex mixtures of antigens are also included in this definition, such as whole kiUed 

2 0 ceUs, bacteria, or viruses, or fractions thereof. 

The tenn "adjuvant" as used herein denotes a substance that in itself shares no 
immune epitopes with an antigen of interest, but which stimulates the immune response 
to die antigen of interest. 

The term "therapeutic amount" as used herein denotes an amount that prevents 
25 or ameUorates symptoms of a disorder or iesponsive pathologic physiological condition. 
Lb certain embodiments of the present hwention; the amount admmistered is sufficient to 

raise an immune response which substantially prevents infection or the spread of the 
infectious agoit within the recipi^t 

The term "polyol" as used herein denotes a hydrocaibon including at least two 

3 b hydroxyls bonded to carbon atoms. Polyols can indude other functional groups. 

Examples of polyols useful for practicing the instant invention include sugar alcohols 
such as mannitol and trehalose, and polyetbeis. 

The tenn "polyether" as used herein denotes a hydiocaiton containing at least 
three ether bonds. Polyethers can include other functional groups. Polyetheis useful for 
3 5 practicing the invoition include polyediylaie glycol (PEG). 

The term "dry antigen" or "diy adjuvant" as used herem denotes an antigen or 

adjuvant which has been subjected to a drying procedure such as lyophilization such that 
at least about 50% of its moisture has been removed. 
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The tenn **cnc^)Sulation*' as used herein denotes a method for fonnulating an 

active agent such as an antigen and/or adjuvant into a conqxjsition useful for controlled 

rdease of the active agent Exan^Ies of enc^ulating materials useful in the instant 

invention include polymers or copolym^ of lacdc and glycolic acids, or mixtures of 

5 such polymers and/or copolymers, commonly refwred to as *^lylac|idcs**. of t*pL(3A", 

altiiOQgfa any polyester or encapsulating agent may be used. The term "coencapsulation- 

as used herem refisrs to the incQiporation of two or moie active agents, such as 

and antigen, moie than one antigen, num than one adjuvant, etc^ into the s^ 
microsphere. 

1 0 The term "admixing** as used hwein denotes the addition of an excipient to an 

antigen or adjuvant of interest, such as by mixing of diy reagents or mixing of a dry 
reagent with a reagent in solution or suspension, or mixing of aqueous formulations of 
reagents. 

The term "excipient" as used h^in denote a non-therapeutic carrier added to a 
15 pharmaceutical composition that is phaimaceutically acceptable, i.e., non-toxic to 
redpioits at flie dosages and concentrations employed. Suitable exdpients and their 
formulation are described in Remington's Hiarmacentical Sciences. 16th ed., 1980, 
Mack Publishing Co^, Oslo, et al., ed. 

The term "cnrganic solvenf as used herein is intended to mean any solvent 
20 containing caibon compounds. Exemplary organic solvents include halogenated 

hydrocarbons, eth^s, estCTs, alcohols and ketones, such as, for example, methylrae 
chloride, ethyl acetate, a mixture of ethyl acetate and benzyl alcohol or acetone, dimethyl 
sulfoxide, tetrahydrofuran, dimethylformamide, and ethanol. 

•Treating" an antigen or adjuvant with an organic solvent as used herein refers to 

2 5 nuxing a dry polypeptide with an organic solvent, or makmg an emulsion of an antigen 

or adjuvant in an aqueous formulation with an organic solvent, creating an interface 
between an antig« or adjuvant in an aqueous formulation with an organic solvmt, or 
extracting an antigen or adjuvant from an aqueous formulation with an organic solvit. 
'Tolypeptide** as used herein reibrs generally to peptides and proteins having at 

3 0 least about two amino acids. 

•'Vaccine'' as used herein refers to a formulation of an antigen intended to provide 
a iMt)phylactic or therq)eutic response in a host when the host is challenged with the 
antigen. Exen5)lary vaccines include vaccines directed against such diseases as hepatitis, 
polio, herpes, foot and mouth disease, diphthaia, tetanus, pertussis, and malaria, and 
3 5 infectiM with such agents as cytomegalovirus, HIV, and Haemophilus sp. Preferred 

vaccines herem include gpl20, vaccinia virus-HIV enw recombinant vaccine, and gpl60. 

••Fluidized bed" as used herein refers generally to a bed of granular particles 
through which a stream of gas is slowly flowing upward, such that with further increase 
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in gas velocity, tlie pores and channds enlarge and the partides beccmie more widely 
separated. Liduded in this definition arc fluidized- or fixed-bed configurations, 
indoding but not limited to sluny and tridde-bed reactor systems. Gases used in the 
fluidized bed are preferably nitrogen, oxygen, and caibon dioxide, although any dry gas 
whidi facilitates ranoval of water and/or oAer solvents may be used, The.nj^^plogy 
for designing a fluidized- or fixed-bed system is widely known in the art, as are 
samples of fluidized-bed systems useful in practicing the instant invmtimi (see, for 
racample. Petty & Chilton (Qinmcal Bigineos' Handbook, R. H. Pfcny & C. H. 
Chilton, Eds., Fifth Edition, pp. 4-20 - 4-40, 5-52 - 5-55, 1973). 

The tenn "hardra" as used b^in in referrace to micro^riieies refos to the 
extraction of excess cn-ganic solvent from the polymer phase. 
B. GENERAL MFTHOns 

Li gaieral, microenc^ulation of an antigen or adjuvant is performed according 
to the protocol briefly outiined in Hgure 3. In summaiy, PLGA of the desired ratio of 
lactide to glycolide (about 100:0 to 0:100. more preferably, about 65:35 to 35:65, most 
prefiaably about 50:50 wdght percent) and inhoent viscosity (generaUy about 0.1 to 1.2 
dL/g. preferably about 0.2 to 0.8 dL/g) is first dissolved in an organic solvent such as 
methylene chloride, or ethyl acetate with or without benzyl alcohol or acetone to the 
desired concentration (generally about 0.05 to 1.0 g/mL, preferably about 0.3 to 0.6 
g/mL). A concentiated antigen or adjuvant solution (for example, ^picaUy at least 0.1 
mg/mL for polypeptides, preferably greater tiian about 100 mg/mL, depending, for 
example, on tiie type of polypeptide and the desired core loading) is tiien suitably injected 
(such as with a 25 gauge needle) into the polymer solution while homogenizing at about 
15,000 to 25,000 ipm. Dry antigen or adjuvant can be used in place of aqueous antigen 
or adjuvant After homogenization (generally about 0.5 to 5 nunutes, more preferably 
fiar 1 minute), the emulsion is added to the reaction kettle (enudsification bath) or static 
mixer (not shown) to fiwm a second emulsion. TTieemulsification bath is typically a 
polyvinyl alcohol solution, optionally including eUiyl acetate. The reaction kettle is 
mixed at high speed (generally about 1700 to 2500 ipm) to generate smaU microspheres 
(about 20 to 100 mm median diameter). The second emulsion is transferred to a 
hardening bath after a sufficient period of time, generaUy about 03 to 10 minutes, 
preferably about 1 minute, and aUowed to gently mix for a suitable time, generally about 
1 to 24 houis, preferably about 1 hour. When hardening is complete, the microspheres 
are prefiltered (such as with a 150 mm mesh), concentrated and diafiltercd. Diafiftering 
is suitably accompHsbed in an Amicon stirred cdl (2500 inL), preferably witii about a 16 
or20pmfilter. Themicn>spheresarewashed,typical]y witii about 1 to 100 L, 
prefwably about 1 5 L of prefiltered water and typically witii about 1 to 1 00 L. more 
preferably 15 L of 0.1% Tween® 20. The final microspheres are removed ftom flie filter 
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and resuspended in water and fiUed in vials, preferably at about 500 mL/ vial in 3 cc 
vials. The microspheres can then be dried. Drying includes such metbods as 
lyq)hilization, vacuum drying, and fluidized bed diying. 

Three other cxemphry methods can be employed to produce microspheres. The 
first method utilizes a solvent evaporation technique. A solid or liquiS active^t is 
added to an organic solvent containing the polymer. The active agent is then emulsified 
in the orgamc solvent This onulsion is th«i ^pn^ed onto a sui^ to create 
microsiriiaes and the residual organic solvent is removed unda vacuum. The second 
method involves a phase-separation process, often nsferied to as coacervation^ A first 
emulsion of aqueous or solid active agent dispersed In organic solvent containing the 
polymer is added to a solution of non-solvent, usually silicone oU. By employing 
solvents that do not dissolve the polymer (non-solvents) but extract the organic solvent 
used to dissolve the polymer (e.g. mediylene chloride or ethyl acetate), the polymer then 
precipitates out of solution and will form microspheres if the process occurs while 
mixing. The third method utilizes a co^ng technique. A first emulsion comprising the 
active agent dispersed in a organic solvent with the polymer is processed through an air- 
suspension coato: q)paratus resulting in the final microspheres. 

When antigen and adjuvant are to be administered fiom within the same 
microspheies, a solution containing both antigen and adjuvant or solutions containing 
antigen and adjuvant sq>aratdy can be added to the polymer solution. Similariy, soluble 
antigen and dry adjuvant, dry antigen and soluble adjuvant, or dry antigen and dry 
adjuvant, can be used. The microspheres of the instant invention are preferably formed 
a wat^-in-oil-in-water emulsion process. 

In general, both aqueous formulations and dry polypeptide antigens or adjuvants 
can be admked with an excipient to provide a stabilizing effect before treatment with an 
Ofgam'c soWeat such as methylene chloride. An aqueous formulation of a polypeptide 
can be a polypeptide in suspension or in solution. TypicaUy an aqueous formulation of 
the excipient will be added to an aqueous formulation of the polypeptide, altiiough a dry 
exdpient can be added, and vice-versa. An aqueous formulation of a polypeptide and an 
excipient can be also dried by lyophilization or other means. Such dried formulations can 
be reconstituted into aqueous formulations before treatment with an organic solvent 

The excipient used to stabilize apolypeptide antigen of interest will typically be a 
polyol of a molecular weight less tiian about 70,000 kD. Examples of polyols tiiat can be 
used include ti^halose (copending U.S.S.N. 08/021,421 filed February 23, 1993), 
mannitol, and polyeUiylene glycol (PEG). TypicaOy. tht mass ratio of treh^ose to 
polypeptide will be about 1000:1 to 1:1000, preferably about 100:1 to 1:100. more 
preferably about 1:1 to 1:10. most preferably about 1:3 to 1:4. Typical mass ratios of 
mannitol to polypeptide will be about 100:1 to 1:100, preferably iOxMit 1:1 to 1:10, more 
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preferably about 1:1 to 1:2. TypicaUy. the mass ratio of PEG to polypeptide wiU be 
abo« 100:1 to 1:100, preferably about 1:1 to 1:10. Preferred ratios are chosen on the 
basis of an exdpientconceniration which allows maximnm solubility of polypeptide with 
minimiun doiatnration of die polypeptide. 

The fomnilatiQDs of the instant invention can contain a presertative, a boffer or 
buffers, multiple exdpienls. such as polyethylene glycol (PEG) in addition to trehalose 
ormannitol,oranonionicsuifiictantsuchasTween®suifactant Non-ionic surfactants 
include pdysabates, such as polysoibate 20 or 80, and the pdoxameis, such as 
poloxamer 184 or 188, Phmmic® polyols, and other ethylene oxide/^ylene oxide 
block copolymers, etc. Amounts effective to provide a stable, aqueous formulation will 
be used, usually in the range of from about 0.1%(w/v) to about 30%(wAr). 

The pH of the formulations of this invention is generaUy about 5 to 8, preferably 
about 6.5 to 7.5. Suitable buffers to achieve this pH include, for example, phosphate, 
Tris, citrate, succinate, acetate, or histidine buffers, depending on the pH desired. 
Preferably, the buffer is in the range of about 2 mM to about 100 mM. 

Examples of suitable preservatives for the formulation include phenol, benzyl 
alcohol, meta-cresol, methyl paraben, propyl paraben, benzalconium chloride, and 
benzethonium chloride. Prefened preservatives inchide about 0.2 to 0.4%(wAr) phenol 
and about 0.7 to l%(wAr) benzyl alcohol, although the type (rfprcservative and the 
c(Hicastration range are not criticaL 

In general, the formulations of the subject invention can contain other 
components in amounts not detracting from the preparation of stable forms and in 
amounts suitable for effective, safe pharmaceutical administration. For example, other 
pharmaceutically accq>table excipients well known to those skilled in the art can fomi a 
part of the subject compositions. These include, for example, salts, various bulking 
agents, additional buffering agents, chelating agents, antioxidants, cosolvents and the 
like; spedfic examptes of these include tris-<hydroxymethyl)aminomethane salts (Tris 
buffer"), and disodium edetate. 

Antigens of interest useful in the instant invention include, for example, HIV 
antigens such as gpl20. gpl60, gag, pol, Nef, Tat, and Rev; malaria antigens such as 
CS proteins and sporozoite 2; hepatitis B antigens, including fte-Sl, Pre-S2, HBcAg. 
HBsAg, and HBeAg; influenza antigens such as HA, NP, and NA; hepatitis A surface' 
antigens; Herpes virus antigens such as EBV gp340, EBV gp85, HSV gB, HSV gD, 
HSV gH, and HSV early protein product; cytomegalovirus antigens such as gB, gH,'and 
IE protein gP72; respiratory syncytial vims antigens such as F protein, G proteiii, aiid N 
protein. Polypeptides or protein fragments defining immune epitopes, and amino acid 
variants of proteins, polypeptides, or peptides, can be used in place of frill length 
proteins. Polypeptides and peptides can also be conjugated to haptens. 
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Multivalent vaccines can be fonnulated with mixtures of antigais, eith» first 
mixed together and then enc^ulated, or first enc£5)sulated and flien mixed toge^ in a 
formulation for administration to a patient Suchmixturescanconsist of two to upwards 
of about 100 antigens. The antigras can represent antigenic detaminants from the same 
5 organism, such as gpl20 polypeptides isolated from geographically 4iff ^enl sSiai^ of 
mv, or from difierent organisms, such as diphtheria-pertussis-t^anus vaccine. 

Exemplary adjuvants of interest include sq)onins such as QS21, muramyl 
dipepdde, muramyl tripeptide, and con9)Ounds having a muramyl pepdde core, 
mycobacterial extracts, aluminum hydroxide, im>tdns sudi sis gamma int^erm and 

1 0 tumor necrosis factor, phosphatidyl choline, squalene, Pluronic® polyols, and Fieund*s 
adjuvant (a mineral oil emulsion) (see the Background of this q>plication for ^)ecific 
references). Although antig^ is desirably administered with an adjuvant, in situations 
where the initial inoculation is delivered with an adjuvant, boosts with antigen may not 
require adjuvant PLGA or other polymers can also serve as adjuvants. 

15 Typically, an antigen of interest will be formulated in PLGA microspheres to 

pn)vide a desired period of time betwe^i the first and second bursts of antigen and to 
provide a desired amount of antigra in each burst The amount of antigen in the initial 
burst can be augmented by soluble antigen in the formulation. Preferably , an adjuyant is 
microencapsulated, although soluble adjuvant can also be administered to die patirat 
20 The mioospheres, soluble antigen, and/or adjuvant aie placed into 

pharmac^cally acceptable^ stoile, isotonic fcmnulations togethor with any required 
cofactors, and optionally are administered by standard means well known in the field* 
Microsphere formulations are typically stored as a dry powder. 

The amount of antigen delivered to the patient to be used in therapy will be 

2 5 formulated and dosages established in a fashion consistent with good medical practice 

taking into account the disorder to be treated, the condition of the individual patient, the 
site of delivery, the method of administration and other factors known to practitioners. 
Similariy, the dose of die vaccine administeared will be dq)endent i^n the properdes of 
the antigen employed, e.g« its binding acdvity and in vivo plasma half-life, the 

3 0 concentration of the antigen in the formulaticm, the administration route, the site and rate 

of dosage, the clinical tolerance of the patient involved, the pathological condition 
afOicting the patient and the like, as is well widiin die skill of die physician. Generally, 
doses of from about 0.1 to 1000 mg pa: patient per administration are prefoied. 
Different dosages can be utilized during a series of sequential inoculations; the 
35 practitioner can administer an initial inoculation and then boost widi relatively smaller 
doses of vaccine. 

It is envisioned that injections (intramuscular or subcutaneous) will be the 
primary route for ther^utic administration of the vaccines of this invention, although 
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intravenous deliveiy, or delivery tbiough catiieter or other surgical tubing is also used. 
Alternative routes include suspensions, tablets, capsules and the like for oral 
administnition, commamlly available nebulizers fw liquid formulations, and inhalation 
of lycfdulized or aerosolized microcapsules, and suiq)ositories for rectal or vaginal 
5 adnmustiatipn. Uqddfonnulations can be utilized after reconstitutj|on 
formulations. 

The adequacy of the vaccinaticm parameters chosra, e.g. dose, schedule, 
adjuvant dioice and the like, can be detemiined by taking aliquots of serum from the 
patient and assaying antibody titers during the course of the immunization program. 

1 0 Alternatively, the presaice of T ceDs or other cells of the mmmne system can be 

mt)nitored by conventional methods. In addition, the clinical condition of the patient can 
be monitored for the desired effect, e,g. anti-infective effect If inadequate vacdnatim is 
achieved thai the patirat can be boosted with further vaccinations and the vaccination 
parameters can be modified in a fashion expected to i>otmtiate the immune response, e.g. 

1 5 increase the amount of antigen and/or adjuvant, conq)lex the antigen with a canier or 
conjugate it to an immuno^nic protein, or vary the route of administration. 

The microspheres of the instant invmtion are designed to release their contents in 
a triphasic manner consisting of an initial burst, a slow release, and a sec€»idbu^ The 
degradaticm rate for the miaospheies of the invention is determined m part by the ratio of 

20 lactide to glycoUde in the polymer and the molecular weight of the polymer. Polymmof 
diffoient molecular weights (or inh^ent viscosities) can be mbced to yield a desired 
degradation profile. Furthermore, peculations of microspheres designed to have the 
second burst occur at different times can be mixed together to provide multiple challenges 
with the antigen and/or adjuvant at desired intervals. Similarly, mixtures of antigens 

2 5 and/or adjuvants can be provided either togetha: in the same microspheres or as mixtures 

of microsi^ieres to provide multivalent or combination vaccines. Thus, for example, 
radier than receive three immunizations with traditional DTP (diphtheria, tetanus, and 
pertussis) vaccine at 2, 4, md 6 months, a smgle microencapsulated vaccine can be 
provided with microspheres that provide second bursts at 2, 4, and 6 months. 

3 0 The microsidia:es of the instant invmtion can be prepared in any desired size, 

ranging finom about 0.1 to upwards of about 100 mm in diameter, by varying process 
parameters such as stir speed, volume of solvent used in the second emulsion step, 
temperature, concentration of PLGA, and inherent viscosity of the PLGA polymers. The 
relationship of these parameters is discussed in detail below. The microspheres used for 
35 the gpl20 vaccine of the instant inventira are of a median diameto- of generally about 20 
to 100 mm, preferably about 20 to 50 mm, more preferably about 30 mm. 

The HIV vaccine of the instant invention will typically comprise three populations 
of PLGA ndcrosiAeres: microspheres containing 1-5% w/w gpl20, genersited with a 
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50:50 mass ratio of PLGA polymers having inhoent viscosities of 0.2 and 0.75 dL/g, 
wherein flie ratio of lactidc to glycoU<te is 50:50 (preparation 1); microspheres containing 

w/w QS21, generated with a 50:50 mass ratio of P1X5A polymers ha^^^^ 
viscosities of 0.2 and 0.75 dL/g, whwein the ratio of lactide to glycolide is 50:50 
5 (prep^:ation 2); and microi^heres containing 1-5% gpl20, gen^^itec^with VlJQA 
polymcars having inherent viscosities of 0.7 to 1.2 dL/g, wherein the ratio of lactide to 
glycolide is 50:50 (preparation 3). Soluble gpl20 will also be provided in the vaccine at 
a concentration of about 300 to 1000 mg/dose, mcae preferably, 300 to 600 mg/dose. 
Soluble QS21 will also be provided in the vaccine at a concentration of about 50 to TOO 

1 0 mg/dose, more preferably, 50 to 100 mg/dose. This vaccine formulation will result in an 
initial exposure by tiic patient to about 300 to 600 mg gpl20 and 50 to 100 mg QS21 at 
the time of parenteral inoculation, a slow release of less tiian 50 mg gpl20 and less tiian 
10 mg QS21 over about 120 to 180 days, a challenge C'autoboosf *) witii about 300 to 
600 mg gpl20 and 50 to 100 mg (JS21 at about 30 to 60 days it^dting from tii^ 

1 5 burst from microsphere prq)arations 1 and 2; and another autoboost wifli about 300 to 

600mggpl20 at about 30 to 60 days resulting from tiie second buret of microsphere 
preparation 3. 

Furtiier details of the invention can be found in the foltowing examples, which 
further define the scope of tiie invention. All refi»CTces cited herein arc expressly 
2 0 incorporated by reference in their entirely. 
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EXAMPI.F.S 

1. MATERIALS AND MRTHnns 
A. PLGA 

My(I>-L-lactide-co-glycolide) (liXJA) 
Ihgelheim (BI) and Medisoib Technol<^es IntematioDal LP. (MIT^ Variaij; jpplecular 
wdghts and lacdde to gfycolide ratios of FLGA were used to assess the effect of these 
parameters on the microsphere prop«ties(Tabkl). PLGA at 12 kDa and 100 kDa were 

obtainedftomBlandPIXJAatlSkDaandlOOkDawereobtainedftomNfrL Tlje 
polymer compositions were either 50:50 or 75:25 lactiderglycolide. The 10% polyvinyl 
alcohol solution (PVA Airvol 205, Air Plroducts) was prepared by dissolving solid PVA 
in warm water (about 80«» Q. The final PVA solution was filtered with 0.22 Mm Millipak 
filters fiom Milliporc. Methylene chloride (technical grade) was purchased fiom Baxter 
S/P. 

Table 1: Polylactide-coglycollde (PLGA) Used for Microsphere 
Formulations 

Vendor Inherent Viscosity a Molecular Weight b LactiderGlycolide c Lot# 
iai^Sl (B^) 



BI 



Mn 



0.21 

N.A. 

0.76 

N.A. 

0.24 

0.21 

0.75 

0.62 



12 

12 

100 

100 

18 

24 

95 



48:52 

75:25* 

48:52 

75:25* 

50:50* 

72:27 

51:49 

74:26 



15068 
15056 
05076 
15045 

622-84 
622-92A 
S21268174 
S2101SElfiR 



■ Inteent viscosity of potymers dissolved in chlorofonn. N A denotes not available. 

»> Molecular wdgto were determined by using gel penneadon dinnnatogiapby with polystyrene standards. 
PWymeis dissolved and andyzed in mcdiylene cMoride at room tenvcntme. Molecular weigbt shown is a 
weight average vahie. Vatoes to BI polymeis are approximate sfacc specifications w« 
the product*. 

c to giycolide molar ratio in HXSA as measmed by vendor is nsnanywift^ 

Specifications are dther 50:50 or 75:25 lactiderglycolide for these polymers. 
Estimated values based on specifications for polymer type. Actual values not avaiUd>le. 
B. Preparation of rgpl20 

MN rgpl20 (Lot# Y16531/G90557) was suppUed in bulk at 2 J mgAnL protein 
in 20 mM Tris, 0.120 M NaQ. pH 7.4 firom Gencntech. Inc. It was concentrated with a 
Amicon stined cell concentrator using a YM 30,000 MW cutoff membrane at 4° C to a 
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final omcentration of 154 mg^nL and Stored at 2 to 

C. Preparation o f OS21 

Lyophilizcd QS21 (about 80% pure, Lot# D1949) was supplied fiom Cambridge 
Biotech (Cainbridge, MA). QS21 was prepared at 200 mg/mL by dissolving the 
5 lyophilized QS21 powdor iii 50% ethanol/watcr. QS21 was also diswlved iik50% 
ethanol with 20% Tween® 20 in an attempt to increase the encs;>suIation e£Bcimcy and 
releaserate. The QS21 solutions were prq>ared and used (mi the same day as the 
encapsulation. 

D. Microencapsulation of gpl20 

10 The production of rgpl20 microspheres was performed by a double emulsion 

waler-in-oil-in-wata- (WOW) as discussed above in general tenns. More specifically, the 
PLGA concentrations in methylene chloride were 03 or 0.6 g/mL, and the first 
emulsion was homogenized at 15,000 rpm and 0 tore in a water bath. After 1 minute 
of homogenization, the first emulsion (10 mL) was added to 900 mL of 10% PVA 

1 5 solution containing 1 .5% methylrae chloride and emulsified at high speed (800 to 2500 
iimi)fOTl minute in the reaction kettle (2 to S^'C). To improve the encapsulation 
efficiency, the second emulsion was also p«rf(»rmed with 10% PVA that did not contain 
methyloie chloride and fte tenqp^nture of the second mmlsion was maintained at 0 to 3** 
C To achieve the reduced teiiq)erature. the ethylene glycol in the cooling jacket of the 

20 reaction kettle was kept at -15^ C The second emulsion was then transfeired to the 
hardening bath containing 12 liters of prcfiltered water (MilliQ water system, Millipore 
Corp.) at 2 to 8*" C. The microspheres were allowed to harden for 1 hour. The hardened 
microspheres were concentrated to about 1.5 L and diafiltcred against 15 L of prcfiltered 
water foUowed by 15 L of 0.1% Tween® 20. The Amicon stirred cell (2.5 L) was 

25 operated with differmt filter systems depending iqx)n the desired particles^ After 
washing, the microspheres woe concentrated to dryness. The concentrated 
microspheres wore removed firom the filter by using a cell scraper and resuspended in 
prefilt^ed wator to about 03 gm/mL. 

Three diffaent drying m^ods were used to dry the microspheres: lyc^hilization, 

30 vacuum drying, and fluidized bed drying by using the system shown in Figure 4 or a 5 
mL Amicon stirred cell. A suspension of the fmal microsjAcares was added to the airlift 
drier (Kgure 4) or a stirred cell and the residual liquid was removed by applymg a slight 
(about 2 psi) nitrogen pressure to the column (nitrogen flow downward). After the 
residual liquid was removed, the nitrogen flow was directed upward through the airlift 
35 drier or Amicon stirred cell to suspend the microsiAeres. The nitrogen line was 
connected to a prefilter (0.22 ^m) for the stirred cell and a desiccating column with 
prefilters for the airlift drier. A water bath was connected to the jacket of the airiift drier 
to maintain the system at 5** C. The Amicon stirred cell drying was perfoimed in a 2 to 8** 
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C cold room. A few batches were also vacuum dried at higher tenqieratures (10° C or 
15" Q to speed up die drying process without increasing the initial burst. 

E. Encapsulation nf9S7^ 

QS21 was dissolved in 50% ethanol with or without Tween® 20 as described 
above. As with the rgpl20 sohitioos, the QS21 solution was injected into the^pdlymer 
phase. For the miciosphere preparations containing both rgpl20 and QS21, the rgpl20 
solution was injected into the polymer phase after the QS21 solution to redn^ the 
potential interaction between rgpl20 and the ethanol in the QS21 solution, llie 
microencapsulation of QS21 was performed with conditions simQar to those described 
above for ra)120. 

F. Microsphfaie Size Analysis 

The apparent diameters of microspheres in water were measured by using a 
Brinkmann Particle Size Analyzer Model 2010 (Lens A, 1 to 150 pm range). 
Scanning El ectrtm Microscopy of MirrpstrfierRg 
The size and appearance of the dried microspheres were analyzed using Phillips 
Model 525M SEM. The microspheres were coated to a thickness of 10 nm with gold- 
palladium using HummerXP, Anatecb. 

^ MjCTPgphCTP T X>adtnp and Release rhararj terisritHt fnr f^ppn 
The protein content of the MN rgpl20-PLGA microspheres was determined as 
follows. Dried microspheres were added (10 to 20 mg) to 1 mL of 1 N NaOH and 
aUowed to dissolve by shaking at room temperature for2 to 16 hours. Standards of 
rgpl20 were prepared by adding 5 N NaOH to the stock sohition of MN rgpl20 (1.5 
mg/mL) to yield a 1 N NaOH solution. In 1 N NaOH. tyrosine is deprotonaled resulting 
in a significant shift in the absorbance maximum and. thus, protein dissolved in 1 N 
NaOH will have a diff«ent absorbance spectrum than native protein in buffer at neutral 
pH. Standard solutions containing different concentrations of MN rgpl20 in 1 N NaOH 
were used to detentnine the shifted absoibance maxima of the protein and the extinction 
coefficient at this wavelength. The extinction coefficient for MN rgpl20 in 1 N NaOH 
was 139cm-l(mg/mLHat284nm. 

The amount of protein released ftom the microspheres was detomined by the 
Pierce Chemical Co. BCA Protein Assay. Both lyophilized and "wet" microspheres 

wereanalyzed. "Wet" microspheres were defined as microspheres that were removed 
fiom the diafiltration cell and suspended in release medium without additional 

processing. The amount of protein released was then used to calculate tiie percent of MN 
rgpl20 released (percent of total) from the microspheres based on tiie mass of 
microspheres in the release device, the protein loading of ti»e microspheies, and tiie 
volume of die release medium (20 mg of microspheres in 300 jiL of 10 mM Hepes, 100 
mM Naa, 0.02% (w/w) Tween® 20, 0.02% NaN3, pH 7.4). 
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I- Characterization of rrol 20 R elease ftnm Mi^ T^^f^^^ 
MN rgpl20 released from microspheres after 1 hr of incubation in tite release 
medium was analyzed by circular dichroism, analytical HPLC assays such as liverse 
phase, size exclusion, CD4 binding, and cKpping, and EUSAs for epitopes to the total 
protein (Total MN) and the V3 loop. The aggregation of rgpl20 wa§ qiiantilatea by a 
SEC HPLC. A TSK G3000 SW XL (0.78 X 30 cm) column, equilibrated in 0.4M 
KPO4, pH 7.0, was used at a flow rate of OJ mL/min. Competitive binding assays 
(native labeled gpl20 versus sample) were perfonned to assess the binding of CD4-IgG 
to gpl20 released from die microspheres. For the microsphere preparations that were 
administered to guinea pigs, endotoxin assays were also perfoimed. 
J' Determination of OS21 MiCT ^spheref^inp 

The amount of QS21 encapsulated in die PLGA microspheres was deteimiiied by 
dissolving the microspheres in 1 N NaOH at room ten^wrature overnight The 
completely dissolved solutions were neutralized witii 6 N HQ. The samples were tiien 
injected onto a SEC column. TSK G3000SW XL (0.78 x 30 cm). equiUbrated in 0.4 M 
KPO4, pH 7.0. The column running conditions were the same as tiiose used for flie 
SEC analysis of rgpl20. Since QS21 degrades in 1 N NaOH, the chromatographs from 
SEC analysis contained several peaks. To quantify the total amount of QS21 , tiie peak 
areas correqwnding to QS21 and its degradation products were used in ti» determination 
of flie core loadmg. As standards, known amounts of QS21 w»e added to placebo 
microspheres and then tieated widj 1 N NaOH. SBC analysis was perfoimed on the 
standards and die peak areas from the standards were used to cafculate die amount of 
QS21 in each san^le. 

K. Determination of aS21 Rel« ^se from Mii; ;mppWf, 

QS21 released from miCTosphaes was quantitated by a 5 ^m YMC C4 (0.46 x 25 
cm) RP-HPLC witii 1 mL/min flow rate and detection at 214 nm. A linear gradient was 
run in 15 minutes from 25 to 75% of solution B (iSolution A: 0.1% TFA in water. 
Solution B; 0.1% TFA in 90% acetonitiile). QS21 controls were also run! In RP- 
HPLC analysis, tiie rgpl20 peak elutes before die QS21 peak and, dierefore. tiiis mediod 
provides simultaneous quantitation of QS21 and rgpl20 released from the microspheres. 

L. Guinea Pig Stndie5^ 

Guinea pigs (Hartley strain) were supplied by Charles Rivw Ljiboratories. TTie 
animals were immunized by subcutaneous administration (200 \iL) of die fonnulations. 
After immunization, the animals were bled by cardiac puncture at weeks 4. 6, 8, 14, and 
20. The animal sera from each group (five animalsper group in each experiment) at a 
given time point were pooled and analyzed for antibodies to MN rgpl20 or the V3 loop 
of MN rgpl20. The antibody assays were performed by ELISA methods by using either 
MN rgpl20 or die linear pq)tide of die V3 loop of MN rgpl20 as die coat protein on die 
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microtiter plates. The antibody titers wwe detennined by sorial dDution of tiie samples. 
The endpoint titer value was defined as the dilution factor that resulted in a value two fold 
ovCT flic background and was d^ennined by interpolation of the serial dilution values. 

In sq>aratB studies, guinea pigs were immunized subcutaneously (200 pL) at 0, 
1, and 2 months with diffexqit fiDninilations. After 70 days, the ammaSis w«i^l^ 
caidiac puncture. The soa from each groq> were pooled and anafyzedfw ability to 
neutralize both the MN and ALA-1 strains of HIV-1. The vims strains were prepared 
from infected H9 cells. An inoculation tit»of vims sufBciait to comptetely kiU ceUs in 7 
days was incubated witii serial dUutions (3 fold) of tiie test sera, and then added to MT4 
T-Iymphoid cells in 10% FCS/RPMI-1640 cell culture media. The cultures were 
incubated at 37° C for 7 days and the cell viability was ibm quantitated by tiie MTT dye 
assay with optical density measurements at 570-650 nm (Masmann, J. Tnnnim^^ 
MgthpOs 65:55-63, [1983]). The endpomt titer values for tiie vims neutralization were 
defined as tiie dilution factor tiiat resulted in an optical density reading two fold over tiie 
background of unprotected (killed) cells. These titers were ^icaUy twice fliose 
calculated at 50% protection. 

M. Clii>pinp Assays 

To detennine whetiier proteolysis of tiie V3 loop of MN rgpl2D occurred, tiie 

protein was denatiired to 0.1% sodium dodecyl sulfetd20 inM ditiriotiireitol and analy^ 
by size exclusion chromatography. Clipped MN rgpl20 elutes as two species. The 

fraction of clipped [TOtem is cateulated from tiie peak area for intact protein. 
H. Results 

A. Process Modifications for T nmroved T^adlng.Efficiennv. and Tnitial Tt^ iryt 
These and otiier enc^isulation studies revealed an emiarical correlation brtween 

cncj^isulation efficiency (E), which is tiie ratio of exp«miental and tiieoretical protem 

loading, and tiie con^sitira of the first i^ase: 

(v /V )tv„^ 

\ a of MeQ 

^ (1) 

where \ip is tiie viscosity of tiie polymer phase. VaA^o is tiie volume ratio of aqueous to 
organic solutions in tiie first emulsion, VMea2 is tiie volume of metiiylene chloride to 
tiie second emulsion prior to polymer addition, and T is tiie ten^atiirc of tiie first and 
second emulsicms. As todicated to previous studies, tocreastog tiie polymer 
concentration to tiie first phase from 0.1 to 0.3 g PLGAtoL metiiylene chloride yielded a 
two fold tocrease to ocqisulation efficiraicy (to about 40%). 

To further tocrease flie oicapsulation efficiency and loadtog, flie effect of 
temperature on gpl20 encapsulation was studied. TTiese studies were performed witii a 
50:50 mass ratio of 12 kDa and 100 kDa PLGA (75:25 lactide:gIycoHde, Boehringer 
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Ingelheim) at a polymer concentration of 0.3 g/mL and an aqueous to organic volume 
r^ of 0.1 mL/m. At these conditions, the enc^ulation efiBdeaicy was 22% for room 
temperature opoadiHi and 55% fw low tanpoature operation (0° G, Table 2). These 
results indicated that a reducticni in (q)erating twnperatuie dramatically increased the 
process effidency. The protein loading was also increased from H tb 2.S^(,y//y/) by 
opoation at tiie lower tenq)a:ature. The reduced toiqKratuie of die first emidsimi 
increases the viscosity of the polymer solution and reduces the propensity of the aqueous 
droplets to coalesce. The second onul^on can also be stabilized the reduced 
temperature because the onbiyonic microq)haes are less soisitive to shear fmces. la 
both cases, tiie lowor tenq>aature should further stabilize tiie protein solution 1^ fieeang 
it into small droplets which arc created during homogenization. 
Table 2: Effect of Temperature and Excess Methylene Chloride on the 

Encapsulation Efficiency^ Loading, and Initial Burst^ 
Process Conditions Protein Loading E(%) Initial Burst (1 hr)'> 



12/100 kDa (75:25) BI c 








IVO 


vac 


withMea2^,RTe 


1.2 


22 


21 


75 


68 


witiiMea2,0*'C 


2.8 


55 


23 


42 


53 


NoMea2,0'C 


4.9 


96 


10 


32 


NDf 


18/100 kDa (50:50) Mnc 












wiUiMeCl2<*,RTe 


0.6 


11 


23 


64 


52 


NoMea2-0°C 


4.4 


?6 


116 


. 33 





* Microspheres were prepared as described in the text 
b 



nic microspheres were analyzed for release of gpl20 either afin^ production white stUi wet or after drying 
by lyophilization Oyo), or vacuum (vac. 5" C for 1 week). 

« A 50:50 mass ratio ofthe tow and hig}iin61ecularwdghtPIX3A was used to produce th«^ 
«» TT» second «nulsi(m (reaction kettte with 10% PVA) was dlhexsrt^ 

did not contain methylene chloride prior to the addition of die first emulsion. 
* «ienote» n)omtenveratm«(dK«t25«Q.Ten¥eratmeeMna^^ 

the first and second emnldons. 
' ND denotes not determined. 

The effect of methylene chloride saturation in the second emulsion was also 
investigated. As flie amount of metiiylrae chloride ui tiie second emulsion prior to 
polymer addition is reduced, tiie encapsulation effidency should increase (Equation 1). 
TTie same conditions fliat were used in tiie temperature study were applied to tiiis 
analysis. The encapsulation was peifonned at 0" C witii tiie second emulsion eitiier 
saturated witii metiiylene chloride (1 .5%) or witiwut methylene chloride. Removal of 
excess methylene chloride from tiie second emulsion increased tiie encapsulation 
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efficiency from 55% to 96% (protein loading: 2.8 to 4.9% (wAv), see Table 2). These 
results indicate that the second emulsion does not require methylene chloride prior to 
polymer addition. The removal of excess methylwie chloride from the second emulsion 
causes more rq)id extraction of the solvent from the microsphwes and, thereby, allows 
5 the imcn)spheres to harden more quickly, thereby entrapp 

To further confirm these observaticms, a diffcarent polymer system was used at the 
same conditions. This polymer blend, 50:50 mass ratio of 18 kDa and 100 kDa PLGA 
(75:25 lactide:glycolide, MTI), was less viscous in mdfayloie chloride than the jvevious 
blend at the same concentration of 03 gAnL. Therefore, the enc^ulation efiBciency at 

1 0 room temperature with methylene chloride in the second emulsion was only 11%. By 
decreasing the operation temperature to 0** C and removing flie metbylttie chloride from 
the second emulsion, the encapsulation efficiency was increased to 86%. These changes 
also increased the protein loading from 0.6 to 4.4% (wAv) (Table 2). In addition, the 
initial burst from the w^ (analyzed immediately aftCT the production), lyophilized and 

15 vacuum dried microspheres was significantly decreased by reducing the operating 
tonperatuie and removing the excess methylene chloride from the second emulsion 
(Table 2). The initial burst at low protrin loading (less than 10% w/w) can be empirically 
correlated to the inverse of the ^capsulation efficiency as defined in Equation 1 By 
decreasing the process tenq)erature and removing excess solvcmt, die i»ocess efficiency, 

2 0 protein loading and initial burst vf&[c unproved. 

Equation 1 also mdicates that the cnc^ulation efficiency is increased by 
mcreasing the viscosity of the polymer phase and decreasing the ratio of aqueous to 
organic volumes in the first phase. The viscosity of the first phase increases witfi 

increasing polymer concentration (g PlXJA/mL methylene chloride) and molec^ 

2 5 weight. To investigate tfie relationship between polymer molecular weight and the 

encapsulation efficiency, microspheres were produced by using several polymers with 
the same process conditions (VaAr0=O. 1 , 0.3 gAnL PLGA, reduced temp^ 
excess methylene chloride)* The initial studies wa^ performed to evaluate differences in 
viscosity of flie polymers fiom two separate vendors. A blend of an equal mass ratio of 

3 0 high and low molecular weight polymers from each supplier, MTI and BI, was used for 

microencapsulation. The microspheres made from 12 kDa and 100 kDa (75:25 
lactiderglycolide) PLGA from BI yielded a protein loading of 5.0% (w/w) and an 
encapsulation efficiency of 98%. The microspheres produced with 1 8 kDa and 100 kDa 
(50:50 lactide:glycolide) PLGA from MTI yielded a slighdy lower protein loading (4.4% 
3 5 w/w) and a reduced encapsulation efficiency (86%, Table 3). The initial burst from bofli 
preparations after lyophilization was equivalent (32 to 37%). These results indicated that 
tiiere were not significant differences between tiie polymers from different vendors at 
these conditions. 
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Table 3: Correlation Between Polymer Properties and Encapsulation 
Efficiency, Loading, and Initial Burst^ 



Pdymo: 


Protein Loading 


E(%) 


Initial Burst (lhr)l> 


Oactide/elvcoUdeV 


(% w/w> 




wet- 


Ivo- vac 


5 12 kDa (50:50) BI 


3.0 


58 


43 


• 70 ,;67 


12kDaC75:25)BI 


2.4 


47 


36 


61 57 


12/100 kDa a5:25)BIc 


4.9 


96 


10 


32 NDd 


12/100 kDa (75:25) Bic 


5.0 


98 


8 


37 71 


18 kDa (50:50) Mn 


2.4 


92 


6 


49 ND 


10 18 kDa (75:25) Mn 


2.5 


96 


6 


36 24 


100 kDa (75:25) MTI 


5.1 


100 


2 


ND 18 


18/100 kDa f50r50^Mn£ 


4.4 


8$ 


10 


33 ND 



Microspheres were prepared as described in the text. 



The microsphcrcs were analyzed for release of gpl 20 either after production while stiU wet or after drying 
15 by lyophilization (lyo), or vacuum (vac. 5** C for 1 week). 

« A 50:50 mass ratio of the low and hie^i molecular weight PLGA was used to produce these microspheres. 
^ NDdenotes not determined. 

In addition, the molecular weight and composition of the PLGA was investigated 
for its effect on encapsulation efficiency. Low molecular weight polymers fiom both 

2 0 vendors were analyzed. Microspheres produced from 12 kDa (75:25 lactidcrglycolide) or 
12 kDa (50:50 lactide:glycoHde) PLGA from BI were only sKghdy different in their final 
characteristics. Both preparations of microspheres were produced under the same 
conditions (VaA^o=0. 1 , 0.3 g/mL PLGA, reduced temperature, no excess methylene 
chloride). By using the 12 kDa (75:25 lactide:glycolide) PLGA, an encapsulation 

2 5 efficiency of 47% was achieved and the microspheres had a protein loading of 2.4% 

wM. These microsphCTes also had a moderate initial burst for the material which had not 
been dried (36% for wet miarospheres. Table 3). By using the 12 kDa (50:50 
lactidcrglycolide) PLGA, an enc^ulation efiBciaicy of 58% was obtained and the 
protein loading was 3.0% w/w. Although the 12 kDa (50:50 lactide:glycolide) PLGA 

30 had a slightly better loading, the initial burst was greater (43%) and, thercfoie, the 

loading of the microspheres afta: the initial burst was nearly equivalrat (L5% w/w for 
75:25 lactiderglycoHde and 1.7% w/w for 50:50 lactide:glycoUde). In both cases, the 
encapsulation efficiency was significantly lower than the equal mass ratio blaid of high 
and low molecular weight PLGA (Table 3). 

35 To increase encapsulation efficiency, the viscosity of the low molecular weight 

polymer solutions was increased by increasing the polymer concentration to 0.6 g/mL. 
Iicreasmg the polymer concentration without increasing the amount of gpl20 added to 
the first phase results in a reduction of the theoretical protein loading. This relationship is 
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desoibed by a simple mass balance on the conqxmrats in the system: 



L = 



1 



Total gpl20 



[PLGA] 



(Total gpl20 + PLGA) 



V / V [gpl201 

^ ° ' (2) 

whrae L is the theoretical loading (gpl20 mass fraction of total), [PLtJA] is ttli*IjGA 
concentration (g PLXjA/mL methyloie chloride) in the first phase, and [gpl201 is the 
gpl20 concentration (g/mL) in the aqueous solution mjected into the first phase. 
Therefore, undw fliese conditions, the inarease m PLGA ccmcoitraticm fiom 03 to 0.6 
g/mL decreased the theoretical loading by about one half to Z6%. These e;q)eiiments 
were performed with the low molecular weight polymeis (18 kDa) obtained fiom MTL 
For both the 50:50 and 7525 lactide:glycoKde 18 kDa PLGA, the encapsulation 
efficiency was dramaticaUy improved (92 to 96%) and the protein loading was 2.4 to 
2.5% w/w (Table 3). In addition, the initial bursts fitmi both preparations were neatly 
equivalent and the lyophilized materia] had a moderate initial burst (Table 3). TTxaefore, 
a high encapsulation efficiency (greater than 90%) was achieved with the low molecular 
weight PLGA when the PLGA concentration in the first phase was increased to 0.6 
gAnL. These results further validate Equation 1 since the increased viscosity of the first 
I*ase was adiieved by increasing the PLGA concentration. 

Unlike the low molecular weight PLGA, the high molecular weight PLGA (100 
kDa) was very viscous m methylene chloride at 0.3 gAnL. Mkaoencapsulation of gpl20 
in 100 kDa (75:25 hictide:glycoUde) PLGA fiom MTI at 0.3 g/mL (Va/Vo^.l, reduced 
tempraature, no excess methylene chlwide) resulted m 100% encapsulation of the protein 
and a protein loading of 5. 1 % w/w. These microspheres also had a very low mitial burst 
even after drying (Table 3). Because the high molecular weight PLGA is much more 
viscous than the low molecular weight PLGA, a blend of both polymers should provide 
sufficient viscosity to allow encapsulation at 0.3 g PLGA/mL methylene chloride and 
decrease the large initial burst obtained when using the low molecular weight PLGA. To 
test tfiis hypothesis, equal mass ratios of high and low molecular weight PLGA fiom 
both vendors ware used to microenc^sulate gpl20 as described above. ITiese 
preparations were produced with a high encapsulation efficiency (greater than 85%) and 
both lyophilized preparations had lower initial bursts than the microsphacs made with 
wily low molecular weight PLGA. 

Increasing viscosity of the first anulsion through changes in the polymo- 
(concentration or molecular weight) or reductions in temperature results in an increase in 
the size of the final microspheres. In general, the correlation between microsphere 
diameter, D, and process parameters is empirically described by: 
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n « 



r Mea 

^ (3) 

where wr is Ihe stir speed in the second emulsion (rpm). 

When the temperature was reduced to 0° C and excess methyl^^ 
added to the second emulsion, the microspherc diameter did not change for the 
preparations that were made with a blend of the low and high molecular weight polymeis 
(Table 4). However, if the temperature of the emulsions was reduced and the excess 
methylene chloride was removed, the diameter of the microspheres produced with the 
same conditions was increased by a fector of two. Increasmg the PLGA concentration 
from 0.3 to 0.6 g/knL also resulted in a doubling of the microsphere diameter, assuming 
that the low molecular weight PLGA from BI or MTI yields about the same diameter 
under the same process conditions (Table 4). The high molecular wei^t PLGA (100 
kDa, MTI) was more viscous in the methylene chloride phase and the diameter of the 
microspheres produced with this polymer was three times greater than the low molecular 
weight PLGA. even though the impeller speed in the second emulsion was increased 
sUghtly. Reducingthe in^llerspeed by lOOOipmproducedmicrospheres that were 
50%laigerforthelowmolecularweightPLGA(18kDa,MTD. The equal mass ratio 
blends of low and high molecular weight PLGA were about twice the diameter of 
microspheres that were made from the low molecular weight PLGA with the same 
process conditions. Because increases in die viscosity of the first phase, reductions in 
tfflnpcrature, and removal of excess mediylene chloride are necessary to improve the 
encapsulation efficiency, die impeller speed m die second emulsion is preferably at its 
maximum (2500 ipm) to produce smaU microspheres Oess dian 20 pm). 
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Table 4: Effect of Imtial Phase Viscosity on Microsphere Size- 

Wr® Median 

Diameter^ 

.12kDa(50:50)BI 0 0 2000 ^^^ 

12kDaa5:25)BI 0.3 0 0 2000 n 

12/100kDa(75:25)BIg 0.3 0 0 2200 22 

12/100kDa(75:25)BIg 0.3 0 0 2500 



12/100 kDa (75:25) Big 03 0 13.5 

10 12/100 kDa (75:25) Big 03 RT 
18 kDa (50:50) Mn 0.6 0 



18 kDa (75:25) Mn 0.6 0 



2000 9 

13.5 2000 9 

0 1200 34 

0 2200 22 



2000 21 
-ZQOa 6 



100 kDa (75:25) Mn 03 0 0 2500 

18/100 kDa (50:50) Mng 03 0 0 

15 18/100 knarsnsn)iifn g 03 ^ r^^ 

' Mkrospheres were prepared as described in the text 
*» CbncentntiM of PLGA dissolved in methylene chloride in the first phase. 
« Temperature of both emobions dming production (RT denotes ««m temperature, abom 25- Q 
Vohune of methylene Chloride in tf« s«»«i elision prior to addidon Of 
20 chloride in 900 niL 10% PVA results in satmaion. 

* Impdler qieed in the second emulsion. 

Median diameter (vohmM* basis) meaaaed by photointenvtfon method (Ma^ 
« ^«^^«>»-"«*<><>f«^elowa«,hi8hmolec»larwdghtHX5Awas„«^ 

l' Effect of DfYinp on Initial Burst and 0.,.litv «f th. m;^ k^. 

To investigate the conektions among the initial bum. polymer, and diying 
techmque.dryingexperimentswercperfonnedonseveialmicn»pherepreparations Tbc 
Aying l^es used in these studies w«e lyophilization. vacuum drying, and nitrogen 
^g. The amount of initial protein released (1 hour incubation) fiom microsphere 
. ^^wrtheachofthesctechniqueswascomparedtotheinitialburstfm^ 

0 lhat^anaIyzedimmediateIyal»erproduction(^). The microspheres analyzed 
without drying always had an initial burst thmwaslessthanmicrospherc^ 
drymgmethod. When hydrated. the microspheres will hydrolyze and release the 
encapsulated protein and, thus, excess moisture is preferably removed at the end of the 
microsphereprocess. Wor to complete drying, the microspheres are fuHyhydiated 

5 resulting in hydrolysis of the PLGA with subsequent release of pnrtdn at or near thJ 
surface. TTie formation of microspheres in the second emulsion wiU afTect the amount of 
protem at ornear the surface. Larger microspheres produced in the second emulsion 
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would have a smaller initial burst since the surface area to volume ratio is decreased. ITie 
first technique used to assess these possible effects on degradation of the microspheres 
during diying was vacuum drying. Unfortunately, when vacuum dried microspheres are 
fiiUy hydiated for several days (dried at 5° C for 7 days) the protein can be released 
duringthedryingprocess. Therefore, the drying time is preferably minimiz^ to reduce 
the initial burst 

One method used 10 reduce the microsphere drying time was lyophilization. 
which usually requires only one to two days. Lyophilization or vacuum diying of the 
low molecular weight PLGA fonnulations resulted in 1 .5 to 8-fold increase in the initial 
burst (Tables 2 and 3). Aqueous protein droplets encq)suhited at w near tiie surface of 
the microspheres probably cause the initial burst from these miciosphaes. If the 
viscosity of the first emulsion is increased, the aqueous droplets formed during 
homogenization are less likely to coalesce. Thus, smaU droplets at or near the sui£ice 
will release less total protein for microspheres containing the same total aqueous volume. 
To increase the viscosity of the first emulsion, the PLGA concentration in the methylene 
chloride can be raised. By increasing the PLGA (12 kDa) concentration fiom 0.3 to 0.6 

g/hO^ the initial burst fiomlyophilized or vacuum dried inicrosphercs was reduced from 
greater than 50% to 30 to 50%. Initial microspheres produced at 0.3 g/mL 1 2 kDa 
(50:50 lactide:glycolide) PLGA in die first emulsion were also cracked and broken after 
lyophilization (Figure 5). During lyophilization, the microspheres are frozen and the 
excess water removed by sublimation. The fonnation of ice crystals within the 
microspheres can contribute to cracking or complete fracture of tiie microspheres. The 
stability of the aqueous droplets can be increased by increasing die viscosity of the first 
emulsion through reductions in temperature and by removing die excess mediylene 
chloride fiom die second emulsion, causing a more rapid formation of microspheres. 
When die process conditions were modified to include bodi these changes, the 
microsphKes were not broken or cracked after lyophilization or vacuum d^ing (Figure 
6). However, both die vacuum dried and lyophilized microspheres shown in Figure 6 
hadalaigeinitialburst(greaterflian65%). The large initial burst is likely die result of 
dte instability Dfflte first anulsionencapsulatedwidiindiemicrospheres. Moreaqueous 
droplets can accumulate at dte surfiice if dte polymer is warmed above 2 to 8° C and. 
dius, provide die large initial burst diat was observed in die intact microsph«cs. 

In contrast, lyophilization did not cause cracking or breakage of microspheres 
produced widi eidier an equal mass ratio blend of high and low molecular weight PLGA 
(Figure 7) or high molecular weight PLGA alone whai produced at low temperature 
widiout excess mediylene chloride in die second emulsion. These microsphere 
preparations also did not have a laige initial burst (less Uian 30%. Table 5). In addition, 
microspheres produced widi tite high molecular weight PLGA had a much lower initial 
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burst after ly<q»hilization or vacuum drying (Tables 3 and 5). Both the equal mass ratio 
btend of high and low molecular weight polymer and the high molecular weight polymer 
prq»ratioiis did not reveal a conelation between protein loading and initial burst fw 
loadings raiiging from 1.8 to 3.9% w/w. However, at very low protein loading (0.5% 
wfw\ microspliapes produced wifli the same conditions had a gieatlj^ reduco|i;iddal 
burst Because the initial burst is controlled by die diffiision of protein out S flie 
micro^hoes, tiie rate of rdease (initial burst) will be depeodeaat upon the concentraticm 
diffo-ence b^ween the bulk solution and die hydrated, accessible protein (surface 
protein). The amount ofprotein at tiiesurfiace will also be reduced ancetiie protein 
concentration in the aqueous droplets is reduced. In general, die initial release of gpl20 
from die microspheres is dqwndent upon die polymer molecular weight, die process 
conditions, and die drying mediod. To reduce die initial burst and physical degradation 
(e.g. cracking), gpl20 microspheres are preferably prepared widi eidiw a blend of high 
and low molecular weight PLGA or high molecular weight PLGA at low temperature 
widiout excess mediylene chloride in die second emulsion. These microspheres can dien 
be lyophilized ot nitrogen dried to produce a free flowing powder. 
Table 5: Effect <^ Drying Method on Initial Bnrsta 
Polymer Protein Loading Initial Burst (1 hr) c 

a«gti<te;g l yC9lid6> r%w/wV wet l yophiliyiid ni*mp ff, 

12/100 kDa (50:50) Bid 3.1 16 19 u 

3.5 5 22 10 

1-8 15 15 10 

1.8 19 23 22 
0.5 2 0.4 1 

18/100 kDa (50:50) Mn<l 3.8 12 23 8 

3.9 9 32 17 
1.8 5 15 7 
1.8 7 13 4 

100 kPa (50:50) MTI IR 10 in 7A 

■ Micro^hefes were prqaiwl as desOTlied in Material 

ai mL protein soItticmABL metlqrlene chloride, leAiced tempenmre. no excess mediylene chloride in 
second emulsion). 

All prqMradons bad greater than 95% encapsulation efficiency. 

The microspheres were analyzed for release of gpl20 cither after production wMIe stiU wet or after drying 
by lyophilization , or nitrogen dried as described in Materials and Methods. 
*• A 50:50 mass ratio of the low and high molecular weight PLGA was used to produce these mictosph«es. 
Correlation Between Second Burst and Polvmer Properties 
Micro^heres were produced by using PLGA of varying composition 
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(lactide:glycolide) and molecular weight to assess the differences in the timing of the 
second burst To obtain an in vivo autoboost of gpl20 at the desired appropriate time 
<e.g.. 1, 2, 3. or 4 months), the microspheres are preferably designed to produce an in 
vitro second burst at the same time (37 "C, physiologieal buffer). The in vitro release 
characteristics of each preparation was studied until 80 to 100% of t^e totaljto?tein was 
released fiom the microspheres. All the preparations disptayed a characteristic release 
profile: initial burst, minimal release (less than 10%), and second burst A typical release 
profileforMNrgpl20PLGAmicn)sphcresisshowninFigure8. The release profile 
with the exception of the initial burst was not affected by the process conditions or 
drying, but the PLGA composition and molecular weight did have a significant impact 
Bulk erosion of the microspheres is dependent upon the polymta- c(Miq)osition 
Oactiderglycolide) and molecular weight and, therefore, the tuning of the second burst 
resulting fiom bulk erosion is controlled by selecting the properties of the PLGA. 

The in vitro release of MN rgpl20 from PLGA microspheres correlates with the 
polymer properties as listed in Table 6. The microspheres produced from low molecular 

weight (12 oris kDa) HX5A with a 50:50 lactiderglycolide ratio had a second buna at 30 
to 40 daj^, white microspheres made with die same molecular wdght with a 75:25 
lactide:glycoHde ratio did not undergo bulk erosion and release protein untU 60 to 75 
days. A simOar dependence between lactide content and second burst timing was also 
obtained for microspheres made fiom high molecular wd^t (100 kDa) PLGA. Hie 
microspheres made fix)m 100 kDa PLGA bad a second burst at 60 to 70 and 90 to 100 
days for the 50:50 and 75:25 lactide:glycolide ratios, respectively. The equal mass ratio 
blends of low and high molecular weight PLGA underwent bulk erosion with subsequent 
protem release at the same time as die corresponding low molecular weight polymer alone 
(Table 6). Therefore, the addition of high molecular weight PLGA to the low molecular 
weight PLGA at an equal mass ratio does not affect the timing of the second burst, but it 
does improve the encapsulation efBciency and decease the mitial buret as shown above. 
Microspheres produced with an equal mass ratio of kw and high molecular wdght 
PLGA should then be used if a one (50% lactide) or two (75% lactide) month autoboost 
is required. Altwnatively, a two montii autoboost can be obtained fiom microspheres 
made with the high molecular weight (100 kDa) PLGA with a 50:50 lactkte:glycolide 
ratio. However, if a three month autoboost is needed, the microspheres could be 
produced with the high molecular weight (100 kDa) PLGA with a75:25 lactide.glycoUde 
ratio. These results confirm the previously observed relationship between in vivo 
degradation and polymer properties as depicted in Figure 2. Thus, if a later autoboost (4 
to 6 months) is desired, then polylactic add (FLA), a high molecular weight PLGA with 
a high lactide (greater than 50%) content or a higher molecular wdght PLGA with 50% 
lactide (greatta: than 0.75 dL/g) is preferably used. 
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10 



20 



25 



30 



35 



Table 6: Correlation between PLGA Properties and Second Bursta 

Second Burstb Complete Erosion 
aart|»:glvcplide) TimefdavQ^ <».p*»w^ -ri^^r. — v ^ 




30-40 


15 


80 




60-75 


15 




18 kDa ^50-50^ MTf 




70 


80 


18 kDa (75:25) MTI 


40-70 


80 


80 


100 kDa (50:50) MTld 


60-70 


50 


100 


100 kDa (75:25) MTI 


90-100 


85 


120 


12/100 kDa (50:50) Bie 


30^ 


80 


80 


12/100 kDa (75:25) Bie 


60-70 


70 


110 


18/100 kDa f50-5n)A4Tre 


40-60 


7Q 


80 



MiaosiAem were p«i««d as described in Matei^ 

aimLprrtdnsolotiontoiLiiietlvlenecWoride.iediiccdtein^ no excess methylene chloride in 
15 second emulsion). 

«» Second b««ftt»,miciosi*efes was nsuaJly observed over one to 

initfal and final days when the pe«»mrele.sed was significant (greater tha^ IT* % released is 

die sum «tf all the proton released dumg the seoood burst 

These microspheies had a large initial borst (greater than m) and. thercft^ 
remaining at the second bust was nduced. 

Tlte preparation of these microsplteres was perfonned at room temperatnre a^ 
(1.5%) was used in the second emubion. n^se process changes resulted in a hrge initial burst 
A 50:50 mass ratio of the low and high molecular weight PLGA was used to pnKtoce these microspheres. 

Anotiier coiisideration in choice of timing for the autoboost is the stability of the 
protein. Because the microspheres arc folly hydrated after a short peiiod of time 
(minutes to hours), the encapsulated protein will be in an aqueous enviromnent at 37 »C 
Degradation of the protein (with the excqition of plasma-mediated proteolysis) can then 
occur in themicrospheres. Previous studies have shown that MNrgpl20 is stable at 
physiological conditions for at least four months. Theiefore. to assure release of MN 
rgp 1 20 that is not degraded, an autoboost occurring within four months after injection is 
desirable. 

^- QuaUtv of MN rgDl20 RelP.a^ fi pm PTrwA Min ^|^ 

Previous studies have indKated that it can be critical to maintain gpl20 in the 
native confonnation to obtain neutralizing antibodies (Steimer et al. Sciaisg 254:105- 
108, [1991]). Thus, several methods were used to completely characterize the state of 
tiie protein released from the inicroq>heies. 

As shown in Table 7. the amount of aggregated MN rgpl20 was not significantly 
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different fiar any Of the fnnnulations. The amount of aggregate was less than 7% for aU 
the fiannulatioiis. The type of polynaer. drying method, 

(temperature and excess methylene chloride) did not aifect the amount of monomeric 
protein released from the microspheres in the initial burst Also, the presence of the 
5 adjuvMt,QS21, did not alter the amount of inonomer released fiom^nya^ 

nie use of Tween® 20 in the QS21 phase (described bekw) yielded Oe sai^^fia^aa of 
monomeric protein released from the microsphoBs. The studies of the rel^ive 
hydrophobicity of the released protein by reverse phase chiomatogr^hy revealed the 
same trend (Table 8). Again, the process did not affect the quality of the protein as 
10 measured by this tedmique. 
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Table 7: Effect of Microencapsulation on the Aggregation State of 
MNrgpl20a 

Drying 



Polymor 



Process c % Monomer ^ 





Method 


Conditionss 




uoDuoi - XMo roiymer 


Aqueous 








JLyo. 




96 




Vac. 


0^-MeCl2 


96 




Lyo. 




96 




Vac. 


0PC;-Mea2 


94 




Lyo. 




94 




Vac. 


0°C,-MeCl2 


97 


lUU KL/a ^jU,jU^ mil 


Vac. 


RT,+Mea2 


95 




Lyo. 




95 




Nit. 




96 


100 KDa (75:25) MTI 


Vac. 


0°C,-Mea2 


97 


12/100 kDa (75:25) BI €^ 


Vac. 


RT,+Mea2 


95 




Lyo. 




97 


Iz/ lUU KDa (75:25) BI ^ 


Lyo. 


0°C,+Mea2 


97 


12/100 kDa (75:25) Bie 


Lyo. 


0°C-Mea2 


97 


18/100 kDa (50:50) MTI e 


Vac. 


RT.+Mea2 


96 




Lyo. 




95 


18/100 kDa (50:50) MH e 


Lyo. 


0°C,-Mea2 


96 


12/100 kDa (75:25) BI 


Lyo. 


0°Q-Mea2 


97 


12kDar75:2'»)RT£ 


„ JLyo, 


0°C.Meri7 


96 



"Midosphcics wefe prepared as described in Materials and Methods (0.3 g PLGAAnL methylene chloride. 

0.1 BiL piDtdn solution/inL methylene chloride). 
^ Microspheres were dried by either vacuum drying (Vac.. 5*C for 1 week). lyophiHzation (Lyo.). or 

nitrogen drying (Nit) as described in Materials and Methods, 
c The microsphttes were produced at either room temperature (RT) or 0» C and the second emulsion was 

eithCT saturated with methylene chloride (+McCl2) or did not contain excess metlQflene chloride {-Mea2). 
^ The initial bursts from the microsphere preparations were analyzed by SEC-HPLC The percent monomer 

and aggregate were defined as the relative peak areas of the main peak (monomer) and earher ehitiqg peaks 

(aggregates). 

« A 50:50 mass rado of the low and high molecular weight PLGA was used to produce these mioosphercs. 

^ Microspheres contained both QS21 and gpl20 as described in the tort. 

« Microspheres contained QS21, Twecn® 20. arginine and gpl20 as discussed m the text 
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Table 8: Effect of Microencapsulation on the Surface Hydrophobicity 

of MN rgpl20a 
Polymer Drying ^ Reverse Riase HPLC c 

Qactide/glycoliap) Method %MaiiiPealr -.• ■ 

5 Control -No Polymer Aqueous 98 

Lyo. 98 
12 kDa (50:50) BI Vac. 98 

12 kDa (75:25) BI Vac. 97 

18 kDa (50:50) MTI Vac. 98 

10 100 kDa (75:25) MTI Vac. 98 

12/100 kDa (75:25) Bid Lyo. 98 

12/100 kDa (75:25) Bld,e Ly^, 99 

12kDan5:25^RTf 98 

" MiODsplMies were prepared as described in Materials and Methods m g HXSAAnL methylene chkmde. 
15 0,1 BiL protein sohition/niL methylene chloride, reduced tenverature. no excess methylene chloride in 

second emulsion). 

Microsfdieres were dried by either vacwmi diying (Vac.. 5» C for 1 week) or lyopfailizalioa (Lyo.). 
Revefsed phase HPLC analysis was performed on the MN rgpl20 ideased in the initial burst (1 hr., 37 T) 

from the miciospheres. The protein ehited from die reverse phase cohmm at two different times (minor and 

20 main peaks). 

A 50:50 mass ratio of the low and high molecular wdght PLGA was used to |«oduce these microsi*eres. 
* Microspheres contained both QS21 and gpl20 as described in ttc text 
' Microq)hcres contained QS21. Tween® 20, arginine and gpl20 as detailed in the text 

The V3 loop region of MN TgplTO cantains a iroteolytic site. To assure that the 
25 V3 loop is maintained intact, the extent of V3 loop proteolysis was measured for protein 
released fiom the mioospheres. As shown in Table 9, MN igpl20 released from die 
microspb^ in the initial burst was mcMB proteolytically d^raded than the conttol whidi 
was maintained at 2 to 8° C and 23 mg/mL protein. However, the protein used for 
microencapsulation was concaitrated from the control batch and stored at greater than 
30 100 mg/mL for several months and this starting matwial also ccmtained greater amounts 
of proteolytically degraded material. When the MN rgpl20 was concentrated, 
contaminating proteases could also have been concentrated. Storing starting material as a 
lyophilized formulation would avoid this difficulty. In general, MN rgpl20 released 
bom the mioo^hoes in the initial burst is not significantly different from untreated 
35 starting protein as measured 1^ several diromatogr^hic methods. 

Table 9: Assessment of Proteolysis for MN rgpl20 Released from 

PLGA Microspheres^ 
Polymer Drying b % Clipping c 
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nactiderfflvcoKde^ 


Methnrf 




Cootnd - No Polymer 


Aqueous 


3.0 




Lyo. 


3.0 


12 kDa (50:50) BI 


Vac. 


5.8 


12 lu>a (75:25) BI 


Vac. 


5.5 




Lyo. 


8.0 


18 kDa (50:50) MTI 


Vaa 


6.1 


100 kDa (50:50) Mn 


Vac. 


6.1 




Lyo. 


5.5 


100 kDa (75:25) MTI 


Vac. 


3.4 


12/100 kDa (75:25) Bid 


Vac. 


3.9 




Lyo. 


3.2 


18/100 kDa (50:50) Mnd 


Vac. 


6.1 




Lyo. 


5.2 


12kDan5:25^Rie 


Lvo. 


89 



Miciospberes weie ptepaied as described in Materials and Methods (0.3 g PLGA/mL rocttylene chloride, 
ai mL protein soimioii/inL methylene chloride. leduced temperature, no excess methylene chloride in 
second emulsion). 

» Miciosphens were dried by either vaomm drying (Vaa. 5« C fori week) or tyophilizaiion (Lyo.) as 
described in Materials and Methods. 

" "nwWtial bursts ftiwi the mlao^hereprqwrations were anatyzed by SEC HPLC. 

A 5ft50 mass ratio of the low and high molecubir weight PLGA was used to pnxhice these miciDspheres. 
« Microspheres contained QS2I . Tween® 20. arginine and gpl20 as discussed in the text 

To assure that the protein released fiom the microspheres was maintaii^ 
native conformation, sevraal conformational assays were performed. First of all, the 
abiUty of the MN igpl20 released from the microspheres to bind antibodies against the 
whole protein and the V3 loop was assessed with ELISAs. The initial protein released 

fiom the microspheres had the same ability to Wnd both the totd protein (Total 
V3 loop (V3) antibodies (Table 10, assjQr error ± 15%). The conformation of the 
released protein was also measured by circular dichroism (CD). Both the fer uhraviolet 
and near ultraviolet CD spectra of MN igp 1 20 released fiom the mKrosphetes were 
identical to the starting protein (Figure 9), indicating that the protein maintained both its 
secondary and tertiary structure. Subtle changes in conformation may not be observed 
by these methods and. therefore, CD4 binding analysis was perfonned on the released 
protein to assure intact conformation at this binding site. As shown in Table 1 1, the 
ability of MN rgpl20 to bind CD4 is not altered by microencapsulation or lyopWlization. 
OveraU, tiie MN rgpl20 released from the microspheres in the initial bum was not 
altered in its conformation and is expected to invoke an immune response equivalent to 
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10 



15 



20 



25 



soluble protein. 

Table 10: Analysis of Intact Epitopes twr MN rgpl20 Released from 
PLGA Microspheres^ 

Polymer Drying^ ELBA Results (Noraialized)C 
flactid6;gIywlMg> Method Total mn y3 ■■■ . 



Control - No Polymer 

12 kDa (50:50) BI 
12 kDa (75:25) BI 



Aqueous 
Lyo. 
Vac. 
Vac. 
Lyo. 
Vac. 
Vac. 
Lyo. 
Lyo. 
Lyff, 



100 
93 
95 
117 
102 
95 
92 
91 
95 
92 



100 
93 
91 
115 
97 
89 
89 
83 
93 
87 



18 kDa (50:50) Mn 
100 kDa (75:25) Mn 
12/lOOd kDa (75:25) BI 
12/lOOd kDa (75:25) Bie 
12kDar7S!2S^Blf 

* Mkxoq)iNreswefeprq»fedasdescn1)edinMaMriabandMe^^ 

0.1 mL piotdn solntionAnL methylene chloride, reduced tempoaure, no excess methylene cbioiide in 
second emulsion). 

•> Nfioospheies were dried by either vaemmidiying (Vac., 5*C fori week) or tytqriii^^ 
described in Materials and Methods. 

° The initial busts from the microspbere preparations were analyzed by EUSAs using ddicr the whole 
protein (total MN rgpl20) or a linear peptide of fte V3 hx^ region (V3). Data were nonnalized to. the 
control sample (aqueous formulation) and the standard error of the assay was ± 15%. 

^ A 50:50 mass ratio of the low and hi0t molecular wdght I1.GA was used to pioduce these miciospheres. 



e 
f 



Mictospfaeres contained both QS21 and gpl20 as described in the text 
Micro^eres contamed QS21, TWeen® 20. aiginine and ^120 as detailed in the text 
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Table 11: The AbHIty of MN rgpl20 Released from PLGA Microspheres 
to bind CD4 a 



Polymer 

flacdderglvcoUde) 


jjiy lug ^ 
Method 


CXW BmdiDg Q^onnalized) ^ ^ 

* ^"i ■-■ 


Control - No Polymer 


Aqueous 


100.0 
114.3 




Lyo. 


12 kDa (75:25) BI 


Vac. 


88.9 


100 kDa (50:50) MTld 


Vac. 


85.7 


12/100 kDa m-^S) me 


Lvo. 


117.2 



» Microspheres were prepared as descfibcd in IVlaterials and Methods (0.3 g PLOAAnL methylene cblotide. 
0.1 mL protein solntion/mL methylene chloride, reduced temperature, no excess methylene chloride in 
second emulsion). 

»> Microspheres were dried by either vacuum dn^ng (Vac., 5' C for 1 week) or iyopUUzation (Lya) as 
described to Materials and Methodb. 

The initial bmsts from the micioqAcie preparations were analya^ 

binding to CDWgG. TTk data were nonnaBzed to standards run on the same iricrotiter plate (% 
Binding=Sample/Standanl *100%). The average error m these daia was ± 23%. 
«• 'n«I««l«««i~ of tlicse microspheres was perfiOTM^ 
(1.5%) was used in the second emulsioa 

A 50-JO mass ratio of the low and high molecular weight PLGA was used to produce tbese microspheres. 
Development of Encapsiilafftd OS21 Formnlatin^ ff 
The coencapsulation of (JS21 and MN rgplTO required changes in the process 
parameters. Because the aqueous to oi]ganic volume ratio affects the encapsulation 
efiBciency and initial burst (Equation 1), tiie ratio could not be increased to con^nsate 
for the additional QS21 solution. A formulation of QS21 at 200 mg/mL in 50% ethanol 
was used in combination with 114 mgfmL MN rgpl20 (20 mM Tris. 120 mM NaCl. pH 
7.4) for the inner aqueous phase. By using d>ese concentrated solutions, the aqueoiK to 
organic volume ratio was maintained constant (0.1 mL^iL) and moderate theoretical 
loadings were achieved (2 to 5% w/w). The C>S21 phase was injected into the polymer 
phase and tiien tiie protein solution was added to avoid direct contact between the 
QS21/eUianol and MN rgpl20 solutions prior to encapsulation. Microspheres prepared 
by tiiis method witii a 50:50 ratio of low (12 kDa) and high (100 kDa) molecular weight 
PLGA resulted in 100% encapsulation efficiency for tiie protein and only a 61.3% 
encapsulation efBciency for tiie CJS21 (Table 1 2). Witiiout limitation to any one tiieory. it 
is believed that the lower encapsulation efBciency for tiie QS21 could be tiie result of iti 
surfactant properties. QS21 could accumulate at tiie aqueous/oiganic interface resulting 
in losses during tiie formation of tiie second emulsion and tiie final processing steps 
(hardening and washing). To reduce tiiis possibility. 1% Tween® 20 was added to tiie 
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QS21/Bdianol fonnulation. Tween® is expected also to accumulate at the 
aqueous/oiganic interface and it is likely that Tween® will stabilize QS21 micelles. The 
QS21 eDcapsuhdon efficiency for microspheres produced by the same method with 
QS21/rween®/ethanol was 80.6%. The addition of Tween® to the QS21 phase 
provided increased efBciency without adversely affecting the gpl20^oading^^iency 
(100%). A completely efiBdent process for QS21 and gpl20 coencj^atioii was 
achieved with 20% Tween® in the QS21 phase and 12 kDa (75:25 hictide glycolide) 
PLGA (Table 12). 

To assess the encapsulation efiFiciency of QS21 alone, microspheres were 
prepared with the QS21/ethanol aqueous phase and 12 kDa (75:25 lactide:glycolide) 
PLGA. The volume ratio of aqueous to organic phase was reduced by one half, which is 
equivalent Id the volume of QS21 used in coencapsulation. The QS21 encapsul^on 
efBciency at these conditions was 100% and. thus, a lower volume ratio produced the 
same increased efiBdency as the addition of Tween®. Overall, QS21 can be 
coencapsuteted with gpl2p or encapsulated alone with a high efficiency (80 to 100%). 
Table 12: Efficiency of Microencapsulation Processes for QS21.PLGA 
Microspheres^ 

Ftonulation % Loading (wAv)l> Loading Efficiency (%) 

— QS21 MNrgp|20 0S21 MMrp pion 

12/100 kDa (75:25) c 

MNrgpl20 + QS21 1.9 2.5 613 100 

MNrgpl20 + QS2ld 2.5 2.5 80.6 100 

12 kDa (75:25) 

MNrgpl20 + QS2ie 3.I 2.5 100 iqo 

.QS21L 12 im 

Miawpteeswcie prepared as descnT«dm methylene chloride. 

0.1 mL aqaeous sotation/mL inethylene chloride, reduced temperature, no excess n^thylenc chloride in 
second emulsion, lyophiyzed). 

" The inass fiaction loading of QS21 and MN ,a,120 ^ deten«ined by dissotation of the microspheres in 1 
N NaOH. Sabsequem analysis of the treated material is described in the Materials and Methods section. 

A 50:50 mass ratio of the tow and Ugh molecular wdght HX3A was used to produce th«^ 
^ The QS3I phase in this fonnulation contained 1% Tween® 20. 

« TWs fonnulation consisted of QS21. 20% 1>veen® 20. and 100 mM arginine in the QS2I aqueous phase 

injection (500 |U, see Materials and Methods). 
' Mictosirfieres produced at an aqueous to orgamc vohime ratio of 0.05 mL/mL. 

The microspheres were analyzed for the amount of the initial buret of QS21 and 
the effect of QS21 on the initial burst of MN rgpl20. As shown in Table 13, the initial 
burst fiom lyophilized micro^heres was less than 30% for both the QS21 and the MN 
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igpl20. Li addition, the coaicapsulation of QS21 with ia)120 did not inraease the 
initial burst of protian ftom the microspheres (see Tables 2 and 13). The protein released 
in ^ initial burst was also not altered in its pbyacochemical prt^jeities (Tabl^ 7 to 1 1). 

These studtts indicate that inicroqdieies with (^21 or QS21 and MN r^l20 can be 
prcpaied without a laige initial buret of either antigen or adjuvant Oejs than 3(|^) and the 
integrity of the antigen is not CQnq>romised. 

Table 13: Release of QS21 and MN rgpl20 firom PL6A Microspheres « 

Formulation Initial Burst (%)»> Second Burst c 

OS21 MNreDl2Q rmiftM«y»> 

12/100 kDa (75:25) d 

MNrgpl20 + (5S21 19 29 60-75 

MN 1^)120 + (3S2ie 24 21 60-75 

12 kDa (75:25) 

MNrgpl20+QS2lf 17 24 60-70 

J3S21-S IS . = 6Q:Zfi 

* M»cn»phefeswaei«qMredasdcscnT>rt 

0 J niL aquewB sohiiiontoL methjtow 

second emulsion, lyophilized). 

•> "n^nweri*! released in the initial bum fa)m the nUcroq^^ 
detennine the amomd crfQS21 and ^12a 

^ ■nwsw'ond burst occmned over 7 to 14 days and criteria for secoirf 

intact QS21 released (see text for details). 
«* A 50:50 mass ratio of the low and Ugh molecular weight mSA was used to pioduce these nwrnsphens. 

The QS21 {diase in this formulation contained 1 % Tween® 20. 
' This fitimuktion consisted of QS21. 20% TVecn® 20. and 100 mM arginine in the QS21 aqueous phase 

iq$ectii(m (500 (d. see Materials and Methods). 
8 MkrosfdKitt produced at an aqueous to organic viriume ratio of aQ5mL/ndL 

Another consideration for the QS21 microsphere formulations is the tuning of the 
in vivo autoboost Microspheres containmg (3S21, or QS21 with MN ra>120, were 
incubated in physiological buffer at 37 *C to assess the time for release of the second 
burst As shown in Table 13, the second burst occurred over the same time range for 
both these microspheres and microspheres containing rgpl20 alone (Table 6). Li 
addition, the QS21 released from the microspheres after incubation in physiological 
buffer at 37°C for 74 days was 25% intact The amount of intact QS21 after the same 
time at the same conditions in solution would be less than 25% since the degradation rate 
of (JS21 at pH 7.4 is twenty fold greater than pH 5.5 (40» C) and the amount of intact 
QS21 remainmg after 74 days at pH 5_5 and 40° C is less than 50%. Thus, 
encapsulation of QS21 does not affect die tuning of the second burst and can reduce the 
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rate of QS21 degradatira and clearance in vivo. 

R Tnmmnopenicitv of MN r gpl20 Micm!i:p iu.n.f: 

To assess the autoboost properties of MN rgpl20 HX3A microspheres in vivo, 
guinea pigs were inmnmized once subcutaneously with different doses of the same 
microq*ere formulations. The microspheres were prepared fiom 1^ kDa (75-25 
lactidKglycolide) PLGA supplied by BI and had a protein loading of 2.4% (w/w) and an 
initial burst of 61 % Qyophilized formulation). This formulation was observed to have an 
autoboost (second burst) between 30 to 65 days in vitro. The antigen dose and amount 
of protein released in the initial burst were based on the in vitro data for all experiments. 
The standard dose of antigen (30 ^ig) was also administered with 60 pg of aluminum 
hydroxide (Rdiydragel™, hereinafter denoted alum). 

Typically, alum-formulated MN rgpl20 required repeated immunizations at the 
same dose (30 jig antigen. 60 Mg alum) to achieve increases in antibody titer. After the 
initial immunization with ahim-foimulated MN rgpl20. the antibody titer in guinea pigs 
decreased aftcr4 to 5 weeks. The antibody titers elicited by these formulations were 
measured from sera taken at various times after immunization (week 0) as shown in 
Hgures 10 and 1 1. Animals administoed the low-dose of total antigen (14 ^g) with 
PLGA had lower anti-MN rgpl20 titers than the alum group at weeks 4 and 6 sance die 
PLGA formulation only released 8.5 |ig initiaUy (Rgure 10). Between weeks 6 and 8. 
the anti-MN rgp 1 20 titer in the low-dose PLGA gioup (14 »ig antigen) increased to titere 
diat were two fold greater than the alum group. The modaate dose of encapsuteted 
antigai (42 ng) elicited a simUar timing of inaeased titer and die anti-MN rgpl20 titers 
were tiiree and six fold greater tiian die low-dose PLGA (14 pg antigen) and alum 
groups, respectively. These results indicate that tiie in vivo autoboost occurs between 6 
and 8 weeks for this formulation, consistent witii die observed in vitro autoboost at 30 to 
65 days. A comparison of die alum and VLGA groups at die same antigen dose revealed 
diat die vfwo autoboost provides a greater humoral response (anti-MN rgpl20 and anti- 
V3) dian a single dose of alum adjuvant, but HX5A did not appear to provide greater 
adjuvant properties dian alum ^gures 10 and 1 1). 

In addition, die differences in anti-MN rgpl20 titers between die low- and 
moderate-dose PLGA groups at weeks 8 tinough 20 revealed diat die amount of protein 
in die initial immunization (initial burst, 8.5 \ig in low dose; 25 pg in moderate dose) had 
less of an impact on die immune response to die whole antigen (anti-MN rgpI20) dian 
die autoboost (5.5 ^g in low-dose; 17 Mg in moderate dose), which is equivalent to a 
second immunization (Figure 10). However, die amount of antigen in die initial 
immunization did have an impact on die anti-V3 titers. As shown in Figure 1 1. die anti- 
V3 titers of die low-dose PLGA group were lower dian die odier formulations prior to 
die in vivo autoboost 
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The high-dose PLGA group bad seven-fold higher anti-MN rgpl20 titers and 

two-fold higher anti.V3titefs than the low-dose PIX3A group at weeks 8 throu^ In 
the high-dose PLGA group, high initial anti-MN igp 1 20 titas were observed and the in 
vivo autoboost that ooconed between 6 and 8 weeks did not provide a large increase in 
tiler, "niisisconsislert withpreviousobservationst^^ 

be allowed to decrease prior to subsequent immunization (Anderson, et al., £^sti2!18 
USS^ 160:960-969, [1989]). O&erwise the humoral response is effectiwly 
dampened by existing antibodies. The high dose PLGA formulation did however elicit 
an inaease in the anti-V3 titers between weeks 6 and 8. 

The anti-V3 response was less sensitive than the anti-MN rgpl20 response to the 
dose of antigen administCTcd (Figure 11 ). The anti-V3 titer decreased after 4 weeks in 
the alum group, whereas anti-V3 titers for the PLGA groups increased after 6 weeks. 
The antf-V3 titers for the MX3A groups were two to six fold greater than the titer for the 
alum group at 8 to 14 weeks. The observed increase in both anti-MN rgpl20 and anti- 
V3 tilers for the PLGA groups indicate that tbe antigen released in the &i viw autoboost 
is essentially intact (no cSppng in V3 loop). 

To fiirther assess the efifect of encapsulation on the humoral response to MN 
igpl20. guinea pigs were immunized with the same amount of total antigen and two 
different amounts of encapsulated antigen. One group was administered 15 |ig of soluble 
MN tgpl20 along with 15 ng of encapsulated MN rgpl20 and tbe other group was 
immunized with 30 jig of encapsulated MN rgpl20. The PLGA formulation used for 
these experiments was prepared from a 50:50 mass ratio of 12 kDa (75:25 
lactiderglycoMde) and 100 kDa (75:25 lactiderglycolide) PLGA. The final microspheres 
had a protein loading of 4.9% (wAv) with an initial burst of 32% Oyophilized 
formulation). A control group was immunized with 30 ^lg of antigen with 60 ug of alum 
(Rehydragd™). 

As shown in Rgures 12 and 13. tbe group immunized with 15 Mg each of soluble 
and encapsulated MN rgpl20 had the lowest humoral response (weeks 4 through 8). 
Hiis group received a total initial immunization (soluble and initial burst) of 19J ^g MN 
rigpl20. The alum control group bad two fold greater anti-MN rgpl20 and anti-V3 titers 

than this group at 4 to 8 weeks. In addition, the group immunized with the same antigen 
dose (30 ug) in the encapsulated formulation had five fold greater anti-MN rgpl20 titers 
than the soluble/encapsulated mixed formulation group at weeks 4 through 8. ITie 
encapsulated MN rgpl20 formulation only released 9 jig of antigen initiaUy, which is 
significantly less than both the alum and soluble/encapsulated formulations. Therefore. 

the microencapsulation of MN rgpl20 induced a greater immune response than the 
soluble antigen. 

To assess the ability of QS21 to increase the observed immune response to MN 
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ra)120-PLGA, two different fonnulations were tested. One group of animals was 
inmnmizcd with 30^ of MN rgRl20 in a PLGA fonnulation (12/100 kDa (75:25 
lactide:glyco!ide), 4.9% w/w protein. 32% initial burst) which was combined With 50 jig 
of soluble QS21. Another group of animals was immunized with a formulation 
consisting of both MN rgpl20 and QS21 encapsulated in the same i^crDsp^,|[Bs. Hie 
microspheres with MN igpl20 and QS21 were produced with a 50:50 mass ratio of 12 
kDa (75:25 lactiderglycoOde) and 100 kDa (75:25 lactiderglycolide) PM3A. These 
microspheres had a protein loading of 23% (w/w) and a QS21 loading of 1.9% (w/W). 
The initial burst from these microspheres for {Hotein and QS21 was 29% and 19%, 
respectively. The antibody titers of animals immunized with sohible QS21 and 
encapsulated MN rgpl20 were four (anti-V3) to six (anti-MN igpl20) fold gieater than 
titers of animals immunized wifli the encapsulated MN igpi20 alone (Rgures 12 and 13). 
The amount of antigen released initially (9 |ig) was the same for botii of tiiese groups 
since the same PLGA formulation was used. Therefore, soluble QS21 enhanced the 
immune re^nse to encapsulated MN rgpl 20. 

Since encapsulated MN ra>120 provided a greater immune response than soluble 
MN Tgpm, additional enhanconent in die immune response caused by tiie encapsulation 
of QS21 was examined. Animals were immunized with the PLGA formulation 
containing bofli MN rgpl20 and QS21. The total antigen and QS21 dosed in tfie PLGA 
formulation were 25 |ig and 19 jig. respectively. Both of these total doses were lower 
flian tiie soluble and encapsulated contiols because the protein and QS21 loadings were 
lower in tiiese microspheres. As shown in Figures 12 and 13, the antibody titers of the 
group immunized witii encapsulated MN rgpl 2(yQS2 1 were an orier of magnitude 
greater than the encapsulated MN rgpl20 (30 ng dose) and alum control (30 pg dose) 
groups. In addition, the encapsulated MN rgpl20/QS21 formulation only released 7.3 
\ig of MN rgpl20 and 3.6 ng of QS21 in the initial burst. Therefore, a lower dose of 
bodi antigen and adjuvant in the encapsulated fiwrn was capable of yielding an order of 
magnitude gieater immune response than the soluble orahrai-foimulated antigen. 

To determine if the humoral response to MN rgpl20 was sufBdent to neutralize 
the vims upon infection, sera from guinea pigs immunized witii MN rgpl20 were 
analyzed for virus neutralization by using Mr4 T-lymphoid ceDs which aie very sensitive 
to mv infection. The sera were taken from five different groups of guinea pigs, each 
immunized with a different formulation: 30 jig antigen witii 60 Mg atom. 30 \ig antigen 
in Complete Freund's Adjuvant (CPA), 60 ng antigen witii 50 jig QS21 , 30 ^g antigen 
witii 50 Mg QS21 and 60 ng alum, and 30 fig encapsulated antigen witii 50 \ig sotoble 
QS21 , The PLGA formulation was prepared from 12 kDa (50:50) PLGA. The 
microspheres had a protein loading of 1% (w/w) with an initial burst of 80% (lyophilized 
formulation). The animals were immunized witii tfiese formulations at 0. 1, and 2 
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months. Animals receiving CFA were boosted with incomplete Frcund's adjuvant 
OFA). The sera sanqdes taken at day 70 were analyzed for virus neutralization. 

As shown in Table 14. the MN virus neutralization titers from the group 
immunized with the MN igpl20-PLGA fismulation and soluble QS21 were 50% greater 
than titers from the QS21/ahim group and were 10 Wd greater than 
alum and CFA groups. The ALA-1 virus neutialization titer forthe QS21/raX3A group 
was 60% lower than the QS21/atam group, but it was 8 foW higher than the alum group. 
The group immunized with the high antigen dose (60 jig) and soluble QS2 1 had die 
highest neutralization titeis for both strains. However, fl»e MN virus neutialization titer 
for die high-dose group was only sHghfly greater than the titers for die QS21/PLGA 
group. Therefore, MN rgpl20 released from PLGA microspheres induced die foimatidn 
of neutralizing antibodies to die MN and ALA-1 strains of HIV-1. 
Table 14: Virus neutralization Uters for sera from guinea pigs at day 70 
after immunization with different formulations of MN rgpl20 
(30 Jig MN rgpl20/dose, immunizations at 0, 1, and 2 
months). 

Formulation Virus Neutralization Titer of mV-l strains 



Alum (60 fig) 


325 


sirain 

2000 


CPA a 


200 


25 


QS21(50jig)b 


3500 


35000 


QS21(50ng) 


2200 


25000 


+ AIum(60Mg) 






QS21(50ng) 


3000 


15000 









b 
c 



Complete Reund's adjuvant was prepared by emulsification with a syringc^o-syringc technique 
immecSately prior to immunization. 

This gioup was immunized with 60|ig ctfMN 1^)120 altmg with the sohibie QS21. 
The encapsulated MNIBP120 (12 kDa (50:50) 
prior to immuidzatton. 
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CLAIMS 

1. A imposition comprising poly(I>L-lactide-co-glycolide)(PU^ 
micrDS[d)Bres aic^)suladng an antigen, whoein 

the ratio of lactide to glycolide is from about 100:1 to 1:100 weight percent; 

. the inheiem visa)sity of PIXJA polymers used in the microsph^ 

i.2diyg: 

the median diameter of the micro^(dieres is fitni about 20 to 100 nun; and 
the antigen is released fiom die micio^heies in a triphanc pattem, wbeidn about 
0.5 to 95% of the antigen is released in an initial burst, about 0 to 50% is released over a 
period of about 1 to 180 days, and the remaining antigen is released in a second burst 
after about 1 to 180 days. 

2. The conq)osition of claim 1 wbemn tiie antigen is an HIV polypeptide. 

3. The conqwsition of claim 2 wherein tiie HIV polypeptide is gpl20. 

4. The composition of claim 1 wherein flje median diameter of die 
microspheres is about 30 mm. 

5. The ctanposition of claim 1 further comjsising an adjuvant. 

6. The conqwdtion of claim 5 wiiarinflie adjuvant is encapsulated in die 
HXjA microspheres. 

7. The COT^tionofclaim 5 wheidn die adjuvant is coMicapsulatedwifli 
the antigen in the mioosphaes. 

8. The conq)oation of claim 5 vri^em the adjuvant is QS21 . 

9. The condition of daim 1 finthwconmrising a sohibleantigoi. 

10. A con^sition for use as a vaccine comiaising an 

antigen encapsulated in poly(D-L-lactide-co.glycolide) (PLGA) microspheres, and a 
soluble antigen. 

i 1. A con^)osition for use as a vaccine comprising about one to 100 antigens 
encq>sulatBd in a mixture of about two to 50 poly(D-L-lactide-co-glycolide) a»LGA) 
microsphoe populations, wherein 

die ratio of lactide to glycolide is from about 100:1 to 1:100; 

die inherent viscosity of PLGA polymers used in die microspheres is about 0 1 to 
l^dL/g; 

die median diameter of die micros(dieres is from about 20 to 100 mm; and 
die antigen is released from die microspheres in a triphasic pattern, whercm about 
0.5 to 95% of die antigen is released in an initial burst, about 0 to 50% is released over a 
period of about 1 to 1 80 days, and die remaining antigen is released in a second burst in 
one microsphere population after about 1 to 30 days, in a second microsphere population 
after about 30 to 90 days, and in additional microsphere populations after about 90 to 180 
days. 
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12. •n^con.posWMofdaimll.wteieineachn^ 
encapsulates the same antigen. 4~i~«uiuu 

13. Amethodforencapsulatingantigeninmiciosphciwicomprising 

(a) dissolving poly(D.L-lactide^glycolide) (PLC3A) polymer in an «ganic 
solvent to produce a solution; V 

(b) adding an antigen to the solution of (a) to pioduce aPLGA-antigen mixture 
conqtrising a first emulsion; 

(c) adding the mixture of step (b) to an emulsification bath to produce 
microspheres comprising a second emulsion; and 

(d) haidcning the microspheies of step (c) to pioduce hanlened miciospheies 
coini»]sing encq)sulat6d antigen. 

14. T^n«thodofclaiml3wh«cintheo.ganicsolventismethylenecU^^^^ 

15. ThemethodofclaimUwhereintheoiganicsolventisethylacetate 

16. Themethodofclaiml3whereintheoiganicsolv«,tisamixtmcofedwl 
acetate and benzyl alcohol or acetone. 

17. ThemethodofclaimlSwhereintheemulsificationbathcomprisesa 
polyvmyl alcohol solution. *^ 

.A.. !!: '^''"''^'*^'^'^^^^'^*«P°Jy^laJcoholsolu^^ 
ethyl acetate. 

19. The method of claim 13 wherein the antigen is a diy polypeptide 

20. The method of claim 13 wherein the antigen is aqueous. 

21. The method ofclaim 13 furthercomprising drying the hardened 
nucrospheres. 

22. Themethodofclahn21.wheieinlhedrymgisselecled&omthegroup 
consistmg of lyophilizing. fluidized bed drying, and vacuum drying. 
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